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8. Simif Matematik Akademik Basarisim Yordayan Faktorler-
TIMSS 2015

Factors Predicting Mathematics Achievement of 81" Graders in
TIMSS 2015

Mehmet Hayri SARI * Serkan ARIKAN ** Hiilya YILDIZLI ***

Oz

Bu caligmada TIMSS 2015 uygulamasinda ele alinan 6grenci, 6gretmen ve okul faktorlerinin Tirkiye’deki
sekizinci siif Ogrencilerinin matematik basarilar1 ile nasil bir iliski i¢inde oldugunun arastirilmasi
amaglanmustir. {liskisel tarama modeline gére tasarlanan arastirmanin ¢aligma grubunu, Uluslararast Matematik
ve Fen Egilimleri Aragtirmasi 2015 uygulamasina katilan 6079 &grenci ve 220 dgretmen olusturmustur.
Aragtirmanin veri toplama araglari, TIMSS 2015 uygulamasinda elde edilen 6grenci ve 6gretmen anketleri ile
matematik basari testinden olusmaktadir. Verilerin analizinde, matematik bagar1 puanlart bagimli degisken;
ogrenci ve Ogretmen Ozellikleri degiskenleri bagimsiz degisken olacak sekilde hiyerarsik regresyon analizi
yontemi kullanilmistir. Arastirmadan elde edilen bulgulara gore, 6grenci ile ilgili degiskenlerin TIMSS 2015 teki
matematik basarisindaki farkliliklarin %34 {inii agikladigi goriilmiistiir. Duyugsal alan boyutunda yer alan 6z-
yeterlik inanc1 8.sinif 6grencilerinin TIMSS 2015°te matematik basarilarini yordamada en 6nemli degiskendir.
Oz-yeterlik inancindan sonra matematik basarisim1 yordamada diger bir énemli degisken 6grencilerin evde sahip
olduklari egitimsel kaynaklar1 olmustur. Duyussal alan igerisinde yer alan tutum ile matematik basarisi arasinda
negatif yonde bir iligki bulunmustur. Matematige verilen 6nem ile 6grencilerin matematik basarilari arasinda ise
anlamli bir iliski ¢ikmamuistir. Arastirmada okul algisi boyutu altinda ele alinan zorbalik, okula aidiyet ve 6gretim
etkinlikleri ile matematik basarisi arasinda anlamli bir iliski olup bu iliski goreli olarak matematik basarisini
yordamada daha az éneme sahiptir. Ogrenmede cevre faktorii altinda ele alinan okulda basariya verilen énem,
giivenli ve diizenli okul ortami, okul kosullari, is tatmini, 6gretmenin karsilastigi sorunlar ve 6grencilerden
kaynakli sorunlarin hepsi bir araya geldiginde okullardaki 8. smiflar arasi basari farkinin %29’unu
aciklamaktadir. Ogrenmede gevre faktoriinde yer alan okulda basariya verilen 6nem ve 6grencilerden kaynakli
sorunlar 6grencilerin matematik basarisin1 yordamada iki 6nemli degisken olmustur.

Anahtar Kelimeler: TIMSS, matematik basarisi, duyussal alan, gevresel faktor, 6gretmen

Abstract

In the study, it is aimed to investigate the student, teacher and school factors predicting mathematics achievement
of Turkish 8th grade students in TIMSS 2015. The group of the study consists of 6079 students and 220 teachers
who attended TIMSS from Turkey. The data of the study was obtained from student and teacher questionnaires
and mathematics cognitive test scores. In the data analysis, multilevel regression analysis was used in which
dependent variables were plausible mathematics scores and independent variables were student, teacher and
school scale scores. According to results, 34% percent of student-level variance was explained by student-level
variables. It was found that self-confidence level of students was the most important predictor of mathematics
achievement among student-level variables. Additionally, educational resources at home variable was also
among the important predictors of mathematics achievement. Teacher and school factors explained 29% of
between school variance. Among these variables, school emphasis on academic success and teaching limited by
student needs were two significant variables that could predict mathematics achievement of students.
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GIRIS

Gilinlimiize kadar bireyin 6grenmesiyle ilgili ¢esitli kuramlar gelistirilmis ve bu kuramlar gergevesinde
ogrenmenin nasil olduguna yonelik farkli bakis agilar1 gelistirilerek farkli tanimlamalar yapilmistir.
Bu tanimlamalar baglaminda 6grenmede etkili oldugu diistiniilen faktorler, kuramlarin bakis agilarina
gbre ve bireyin dgrenme siirecindeki etkinligine gore degismistir. Ogrenmeyi agiklayan onemli
kuramlardan biri olan biligsel kurami destekleyenler, ¢cevresel degiskenleri ve bu degiskenlerin bireye
etkisini gdz onilinde bulundurmadan sadece bilgiyi kodlama, isleme, kaydetme ve geri getirme gibi
zihinsel siireglerle ilgilenmis (Schunk, 2008), iist-bilis ve sosyal-bilis alanindaki aragtirmacilar ise
ogrenmede bireysel farkliliklar ve farkliliklarin 6grenme ile iliskisi konularina yeni bakis agilar
getirmeye calismislardir (Zimmerman, 2002). Bu gelismelerle birlikte 6grenmede sadece biligsel
faktorlerin ve siireclerin degil, ayn1 zamanda cevresel faktorlerin (Bandura, 1986; Wood ve Bandura,
1989) ve duyussal faktorlerin var oldugu (Bloom, 2012), bu faktdrler arasinda etkilesimin 6nemli
oldugu ve bu etkilesimler sonucunda 6grenmelerin diizenlenmekte ve aciklanmakta oldugu ifade
edilmistir (Bandura, 1986; Wood ve Bandura, 1989). Bireyin nasil 6grendiginin aciklanmasinda
ogrencilerin duyussal ozellikleri, kendisi ile ilgili faktdrler (cinsiyet, ailenin yapisi ve iligkileri,
bireysel yetenekler, bitylime/gelisme 6zellikleri, ihtiyaglar), 6grenme ortami (¢evresel faktorler) ve bu
Ogrenme ortami i¢indeki degiskenler (aile, okul, sinif, 6gretmen, arkadag vb.) de 6nem kazanmustir.

Ogrenmede énemli olan bu degiskenlerin matematik, fen bilimleri ve okuma gibi alanlar ile nasil bir
iliski i¢inde olduklart uluslararasi diizeyde yapilan smavlarla dlgiilmekte ve iilkelerin bu alanlara
yonelik egitim durumlari istatistiksel olarak ortaya ¢ikarilmaktadir. Tiirkiye nin de katildigi, 6gretmen
ve Ogrenci nitelikleri tizerine degerlendirmelerin yapildigi TIMSS (Trends in International
Mathematics and Science Study; Uluslararas1 Matematik ve Fen Egilimleri Arastirmasi) egitim
sistemimizin iyi bir durumda olmadigini ve sistemde 6nemli adimlar atilmasi gerektigini ortaya
cikarmaktadir. TIMSS 2015 raporuna gore Tiirkiye; matematik alaninda 4. siniflarda 36. sirada, 8.
siniflarda ise 24. sirada yer almaktadir (Yiicel ve Karadag, 2016). Bu galismada da TIMSS 2015
calisma grubunda yer alan 8. sif &grencilerinin duyussal ve g¢evresel faktorlerinin matematik
basarilar1 ile nasil bir iliski i¢inde oldugu arastirilmaktadir. Bu arastirmanin sonuglari gbz oniine
alimdiginda matematik basarisi ile anlamli iliski icerisinde olan degiskenleri belirlemek ve bunlari
anlamlandirmak basta ulusal liderlere, egitim politikacilarina ve egitimcilere yon gostermesi agisindan
onemli goriilmektedir (Yavuz, Demirtasli, Yalgin ve ilgiin Dibek, 2017).

Ogrenmede Ogrenci
Duyugsal alan

Ogrenmede anahtar bir rolii olan duyussal alan akademik olarak bireylerin basarili olabilmeleri igin
gerekli egilimlerden biri olarak karsimiza ¢ikmaktadir. Bireylerin 6grenme siirecinde sorumluluk
sahibi olma, isbirligi yapabilme, engeller karsisinda sebat etme, deger verme, tutum, kendine giiven
vb. ozelliklere de ihtiyaci vardir (Mcmillian, 2015). Bu 6zellikler 6grencilerin diisiinme, anlama,
harekete ge¢me durumlarinda 6nemli goriilmekte ve Ogrencilerin d6grenmeleri arasinda yasanan
farkliliklarin kaynaginin yaklasik dortte birini duyusgsal alan olusturdugu ifade edilmektedir (Bloom,
2012).

Genel egitim sisteminde duyussal alana yer verilmesine ragmen mevcut smav sistemleri biligsel
yeterliklerin 6n plana ¢ikarilmasina ve 6gretmenlerin 6gretim programlarinda biligsel alan becerilerine
daha ¢ok odaklanmalarina sebep olmustur. Bu durum egitim ortamlarinda duyussal alandaki gelisimin
biiyiik ol¢iide rastlantilara birakildigin1 vurgulamaktadir (Simsek, 2009). Halbuki duyussal alan ile
basar1 arasindaki iligkiyi arastiran ¢alismalardan elde edilen bulgular, duyussal alanin 6grencilerin
basarilarini belirlemede ve yordamada 6nemli bir roli oldugunu gostermektedir (Ferla, Valcke ve Cai,
2009; Leder ve Forgasz, 2006; Pajares ve Miller, 1997). Ozellikle matematik 6grenme ve dgretme
stirecinde tutum ve inanglarla ilgili matematiksel egilimlerin 6grencilerin giinlilk hayatinda bu bilgiyi
bilingli bir sekilde kullanmasinda ve bu bilgiyi kullanmada istekli olmasinda alan bilgisi kadar biiyiik
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oneme sahip oldugu belirtilmektedir (Wilkins ve Ma, 2003). Bu iligkilerden yola ¢ikarak, yapilan
uluslararas1 smavlarda iilkemizin diisilk bagarisinin nedenleri arasinda O6gretim yasantilarinin
yetersizliginin yam1 sira Ogrenenlerin matematik dersine yonelik psikolojik tepkileri de
gosterilmektedir (Tuncer ve Yilmaz, 2016).

Basar ile iliski gosteren duyugsal alana ait 6zelliklerden ilki tutumdur. Tutum, herhangi bir objeye,
kisiye veya kuruma karst olumlu ya da olumsuz bir tepkide bulunma, olumsuz tepkiyle birlikte o
objeye kars1 ilgisiz kalma ve objeye karsi lehte ya da aleyhte gerceklesen duygusal egilim olarak
tanimlanmaktadir (Papanastasiou, 2002; Turgut ve Baykul, 2012). Bu arastirmada tutum degiskeninin
ele alinmasinin iki gerekgesi vardir: Birincisi, basarida gézlenen toplam degiskenligin %12 ile %20
arasindaki bir kismi derse yonelik tutumdaki farklarla agiklanabilmektedir (Bloom, 2012). Diger bir
ifadeyle, 6grencinin bir alana yonelik tutumu istenen diizeyde ise belirlenen hedef davranislari
kazanmasi1 daha kolay olacak ve s6z konusu matematik dersi olunca matematige yonelik olumlu tutum
gelistirme dgrencinin matematik 6grenmeye hazir hale gelmesini saglayacaktir (Demir ve Kilig, 2010).
Ikincisi ise, TIMSS ve PISA sinavlarinda Tiirkiye’deki dgrencilerin matematik dersine ydnelik
tutumlarinin matematik basarisi ile iliskisinin farkli sonuglar ortaya koymasidir. Ornegin; Dogan ve
Barig’in (2010) TIMSS 2007 verilerini kullandiklari ¢aligmalarinda 6grencilerin matematik dersine
yonelik tutumlari ile matematik basarilar arasinda negatif yonde ve anlamli bir iligki tespit ederken;
TIMSS 1999 sinavinda tutum degiskeninin 6grencilerin matematik basarilar1 iizerinde anlamli bir
etkisi bulunmadigini belirlemislerdir. Ayn1 sekilde TIMSS 2011 sinavinda tutum degiskeni ile
uygulamaya katilan 6grencilerin matematik basarilari arasinda negatif bir iliski oldugu ortaya
konulmustur (Yavuz vd., 2017). Benzer sonuglar ulusal verilerle yapilan diger ¢calismalarla da ortaya
konulmustur (Ekizoglu ve Tezer, 2007; Peker ve Mirasyedioglu, 2003; Uygun ve Isik Tertemiz, 2014).

Duyussal alan degiskenlerinden bir digeri &z-yeterlik inancidir. Oz-yeterlik, “bireyin belli bir
performansi gosterebilmesinde olasi durumlar ile basa gikabilmek i¢in gerekli olan eylemleri ne kadar
iyi yapabildigine iliskin yargilaridir” (Bandura, 1986; s. 391). Baska bir tanima gore 6z-yeterlik,
bireyin gergeklestirmesi gereken performans ile kendi kapasitesini karsilastirip, duruma gore harekete
gecmesi ve bireyin karsilasmis oldugu giicliikklerde nasil basarili olabilecegine iliskin kendisi
hakkindaki inancidir (Bayrak¢i, 2007). Bu nedenle bireylerin bildikleri seylerin ve sahip olduklari
becerilerin uygulanmas1 6z-yeterlikten etkilenmektedir (Wilson ve Narayan, 2016). Oz-yeterlik,
Ogrenme siirecinde arastirilmasi gereken bir degisken olarak goriilmekte ve matematik basarisinda bir
Ongoriicli, arabulucu ve bir performans sonucu olarak rol oynadigi belirtilmektedir (Wilson ve
Narayan, 2016). Ogrencilerin kendilerine ydnelik yeterlik algilarinin matematik basarisini etkiledigi
(Usta, 2014) ve matematigin énemli becerilerinden biri olan problem ¢6zme becerilerinin matematik
0z-yeterligiyle anlamli ve yiiksek bir iligkisi oldugu belirtilmektedir (Celik, 2012; Pajares ve Miller,
1997). Yapilan arastirmalarda (Ayan, 2014; Chen, 2003; Organisation for Economic Co-Operation
and Development [OECD], 2004; Ozgen ve Bindak, 2011; Oziidogru, 2013), 6z-yeterlik, matematik
akademik basarisinin ve matematik okuryazarliginin 6nemli bir yordayicisi olarak goriilmektedir.

Duyussal alan 6zelliklerinden bir digeri ise 6grenme degeridir. Matematik 6grenmeye deger verme,
Ogrencilerin matematigin Onemine ve matematigin yasamlarinin g¢esitli donemlerindeki faydasina
yonelik 6grencilerin gelistirmis olduklar1 tutumunu ifade etmektedir (Wigfield ve Eccles, 1992). Deger
vermede 6grenmenin ve bu siiregte bireyin lizerine diisen gorevlerin énemine iligkin bireyin algisi,
kisisel ilgi, 6grenmenin bireyin kendisine fayda getirmesi ve bireyin gelecekteki hedeflerine yonelik
Ogrenme degerinin faydasma iligkin algis1 onem arz etmektedir (Wigfield ve Eccless, 1992). Buna
kargin, 2007 ve 2011 yillarinda yapilan TIMSS sinavlarinda Tiirk dgrencilerinin matematige verdigi
deger degiskeninin her iki donemdeki sinavda 6grencilerin matematik basar1 puanlari ile anlamli bir
iliskiye sahip olmadigi bulunmustur (Arikan, van de Vijver ve Yagmur, 2016; Yavuz vd., 2017).
Halbuki bireyin matematiksel 6grenmeleri hakkinda olumlu degerlendirmeler yaparak bu gorevin
kendisi i¢in 6nemli oldugunu diisiinmesi 6grenmede gerekli biligsel, iistbiligsel ve duyussal stratejileri
daha etkin ve bilingli kullanmasini saglayacak, bu durum matematik basarisini etkileyebilecektir. Bu
nedenle 2007 ve 2011 yillarindan sonra 2015 yilinda yapilan TIMSS sinavinda 6grencilerin
matematige verdikleri deger ile matematik basarilari arasindaki iliskinin arastirilmasinin nemli
oldugu diistiniilmektedir.
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Okul algist

Okul boyutunda yer alan Ogrenci-O0grenci iliskileri baglaminda alinabilecek degiskenlerden biri
zorbaliktir. Zorbalik (Bullying), 6grencilerin gereksiz, yikici ve giice dayali davraniglaridir. Zorbaligin
ad takma, baskalarma vurma veya tehdit etme ve yanlis sOylentiler yayma gibi ¢ok sayida bigimi
bulunmaktadir. Ogrenciler arasinda zorbalik, sadece akademik performanslarmi diisiirmekle kalmaz
aynm zamanda zihinsel saglik sorunlarina ve fiziksel yaralanmaya da neden olabilir (Jan ve Husain,
2015). Okul iklimi igerisinde gosterilen zorbalik, matematik basaris1 {izerinde 6nemli bir etkiye
sahiptir (Bulug, 2014; Lee Van Horn, 2003; Mohammadpour, 2012; Yavuz, vd., 2017). Siddet ve
zorbalik olaylar1 okul iklimini olumsuz yonde etkilemekte, bu olaylar diger iilkelere oranla Tiirkiye’de
daha fazla goriilmekte ve bu durum 6grencilerin matematik basarisina olumsuz yansimaktadir (Bulug,
2014). Arastirmalar yiiksek zorbaliga maruz kalma diizeyine sahip olan okullara devam eden
ogrencilerin  okuldaki = performanslarinin  daha  diisiik  olabilecegini  gdstermektedir
(Strem, Thoresen, Wentzel-Larsen ve Dyb, 2013). Milli Egitim Bakanliginin [MEB] 2016 yilinda
yaymlamis oldugu bir raporda aragtirmaya katilan 277.000 ogretmenin %21°i 6grencilerin akran
baskisi, zorbalik, siddet vb. nedenlerden 6tiirii devamsizlik yapabileceklerini belirtmektedir (MEB,
2016). 2007 ve 2011 yillarinda yapilan TIMSS siavlarinda okullarinda zorbaliga maruz kalmayan
ogrencilerin maruz kalan dgrencilere gore matematik basarilar1 daha yiiksek ¢ikmustir. (Olgiioglu ve
Cetin, 2016; Yavuz, vd., 2017). Bu nedenle TIMSS 2015 sinavinda &grencilerin zorbaliga maruz
kalma dereceleri ile matematik basarilar1 arasinda bir iliskinin devam edip etmedigini incelemek
gerekmektedir.

Arastirmada ele alinan diger bir ¢evresel 6zellik ise okula aidiyettir. Okula aidiyet bireyin akranlar,
Ogretmenler ve okullarla bir kabul, katilim ve baglanti duygusu yani 6grencinin okulundaki diger
Ogrenciler tarafindan ne Olglide kabullenildigine, saygi duyulduguna, dahil edildigine ve
desteklendigine yonelik kisisel duygu durumu olarak tanimlanmistir (Goodenow ve Grady, 1993).
Olumlu okul ortamlar1 ve okul aidiyeti, 6grenciler arasinda pozitif yonde akademik, sosyal ve
psikolojik sonuglar ile iliskilendirilmektedir (McMahon, Parnes, Keys ve Viola, 2008). Ogrencilerin
okuluna ya da bulundugu smif ortamina kars gelistirmis olduklar aidiyet duygusu akademik basariy1
etkileyen 6nemli faktorlerden biridir (Anderson, 2010; Duru ve Balkis, 2015). Bagka bir ifadeyle;
Ogrencilerin aidiyet algilart ile okul ortamindaki basari arasinda iligski oldugu ifade edilmektedir
(Anderson, 2010; Nichols, 2008). Matematik dersine yonelik olarak daha dnce yapilan ¢alismalarda
Ogrencilerin okula yonelik gelistirmis olduklar1 aidiyet duygusunun matematik basarisini anlaml
diizeyde yordadigi bulunmustur (Phan, 2013; Akt. Duru ve Balkis, 2015).

TIMSS 2015 degiskenlerinden olan ve matematik basarisi ile iligkisi olup olmadigi arastirilan bir diger
faktor ise ogrencilerin matematik dgretim etkinlikleri hakkindaki goriisleridir. Ogrenme ortaminda
dgretmenin mesleki ve kisisel yeterlikleri 6grenme kalitesini etkilemektedir. Ogretmen ve 6grenci
siirekli etkilesim halinde oldugundan birinde yasanan olumsuzluk &grenme siirecinin saglikli bir
sekilde gitmesine engel olmaktadir. Ogrencinin 6grenme siirecinde verimli olmasi sadece kendi
cabasiyla degil, 6gretmenin davranis bigimi, bilgi ve becerisinden de etkilenebilmektedir (Aydin,
1993). Matematik 6gretiminde yasam boyu 6grenmeyi, problem ¢ézme yetenegini gelistirmeyi ve tist
diizey diisiinme becerilerini kazandirmayir amaglayan yeni yonelimler ve yaklasimlar sayesinde
ogrenci aktivitesi ©6n plana cikmistir. Ogrenci aktivitelerinde —matematiksel —kavramlar
kazandirilmaktan ziyade 6grenciyi matematik 6grenmeye istekli ve ilgili hale getirmek amaglanmali
ve bu siirecte 6gretmen-dgrenci arasinda etkili iletisim saglanarak 6grenmenin anlamlandirilmasi
saglanmalidir. Matematik dersinde bu yaklasimlarin uygulanmasi ile Ogrenciler daha kalici
Ogrenebilmekte ve matematige yonelik ilgileri ve diger duyussal alanlar1 olumlu anlamda
etkilenebilmektedir. TIMSS 1999 ve TIMSS 2007 karsilastirilmas: yapilan bir arastirmada
Ogrencilerin matematik dersini giinliik yasamla iliskilendirme yiizdelerinin arttigi goériilmiistiir. Bu
durum yeni Ogretim yaklasimlarmin siniflarda daha fazla uygulandigim gosterebilir (Bilican,
Demirtaslh ve Kilmen, 2011). Bu nedenle su an uygulanmakta olan matematik 6gretim programlarinin
ve bu baglamda sinif i¢i yeni yonelim ve yaklasimlarin matematik akademik basarisina 6nemli bir
katkisinin olup olmadiginin arastirilmasinin 6nemli oldugu diisiiniilmektedir.
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Oésrencilerin evdeki kaynaklar

Okulun 6grenme cevresi olarak etkin bir rolde yer alabilmesi i¢in kendi disindaki gevreyle ic ice
oldugunun farkinda olmasi ve belirledigi hedeflerine ulagmada bulundugu ¢evreyle olan iligkilerini
gelistirmesi gerekmektedir (Keceli Kaysili, 2008). Okulun sahip oldugu cevrelerden biri de
ogrencilerin aileleridir. Aile 6grencinin okulda 6grendikleri ile okul disindaki firsatlar1 arasinda
baglanti1 kurmada 6nemli hale gelmektedir (Danielson, 2002). Bu firsatlar altinda sayilabilecek
degiskenler; evde bulunan kitap sayisi, bilgisayar, anne-babanin sosyo-ekonomik durumu, ailenin
egitime katilma diizeyi akademik basarida 6nemli goriilmektedir. Daha dnceki yillarda yapilan TIMSS
ve PISA smavlarimin sonuglarina bakildiginda akademik basari ile destekleyici ev ortami arasinda
giiclii ve pozitif bir iligkinin varlig1 (Bayar ve Bayar, 2013), matematik basarisi ile giiglii bir iliskide
oldugu (Brese ve Mirazchiyski, 2010, Olgﬁoglu ve Cetin, 2016; Ozer ve Anil, 2011; Y1lmaz ve Bindak,
2016) goriilmektedir. Tiirkiye’de son yillarda gelir diizeyi yiiksek olan aileler ¢ocuklarini 6zel okullara
gondermekte ya da okul dis1 6gretim faaliyetlerini artirmakta, bununla birlikte evdeki kaynaklar
Ogretime daha fazla hizmet eder hale getirmeye c¢alismaktadir. Bu sebeple ailelerin gelir diizeyleri
arasindaki farklardan dogan esitsizlikler daha da artmakta, bu durum 6grencilerin evde sahip oldugu
kaynaklarin her gecen giin daha 6nemli hale gelmesine yol agmaktadir. TIMSS 2015 matematik
basarisin1 yordamada evdeki kaynaklarin énemli olup olmadigimin incelenmesi 6nemli goriilmektedir.

Ogrenmede Cevre (Okul-Ogretmen)

Egitimde ¢evre, 6grenmenin daha verimli olmasinda ve dolayisiyla 6gretimin etkili bir sekilde
gerceklesmesinde en dnemli dgelerden biridir (Biiyiikkaragdz ve Civi, 1999). Ogrenmede ¢evre
degiskeni dgrencilerin matematik 6grenmelerinde hem akademik basarida hem de matematige yonelik
olumlu duygusal deneyimler kazanmasinda etkili olmaktadir (Frenzel, Pekrun ve Goetz, 2007). Egitim
sistemi i¢inde belirlenen amaglarin somut birtakim faaliyetlere doniistiigii alanlar okullardir (Ekinci,
2014). Egitimin 6nemli bir boyutunu olusturan okulun giivenli ve diizenli olmasi, egitim-6gretim
faaliyetlerinin korkudan, siddetten ve kaygidan uzak hos bir ortam olmasidir (Calik, Kurt ve Calik,
2011). Boyle ortamlar, her 6grenciye 6zen ve kabul duygusunun ve olumlu bir atmosferin hakim
oldugu egitimsel bir iklim saglar (Calik vd., 2011; Lezotte, 1993). Tiirkiye, TIMSS 2011 raporunda
giivenli ve diizenli okul ortaminin saglanmasi anketine verilen puan ortalamasinda 50 iilke icinden 43.
sirada yer almistir. Ogretmenlerin degerlendirmelerine bakildiginda Tiirkiye 6rneklem grubunda yer
alan ogrencilerin 6grenim gordiikleri okullar1 ¢ok fazla giivenli ve diizenli bulmadiklarini ifade
etmislerdir (Bulug, 2014). Benzer sekilde baska bir arastirmada velilerin biiyiik gogunlugunun (%64)
okulun giivenligi konusunda endise duyduklar1 ortaya konulmustur (Iksara, 2013). Halbuki okulda
ortaminda saglanan giiven ve huzur, glinimiiz egitim yonetimi paradigmasinda énemli bir kavram
olarak karsimiza ¢ikmakta ve 6grencinin okuldaki giivenilir bir ortamdan dolay1 yasadigi rahatlik,
onun okul yasamina yonelik motivasyonunu da 6nemli diizeyde etkileyebilmektedir (Yaman, Eroglu,
Bayraktar ve Colak, 2010). Bununla birlikte okulun sahip oldugu kosullarin (temizlik, teknolojik
donanim, 6gretim materyallerinin sayis1 vb.) 6grenci basarisi iizerinde dnemli bir etkiye sahip oldugu
belirtilmektedir (American Federation of Teachers, 2006). Yapilan bircok arastirmada giivenli ve
diizenli okul ortaminin, okulda basartya verilen dnemin (Bulug, 2014; Olgiioglu, 2015) ve okulun sahip
oldugu kosullarin (Baker ve Bernstein, 2012; Clark, 2002; Karasolak ve Sari, 2011) 6gretmen-0grenci
davraniglari ile akademik basari tizerinde fark edilebilir bir etkisinin oldugu ortaya ¢ikmustir.

Okul ortamiyla birlikte sinif ortami ve bu baglamda dgrenci profili 6gretmenin sinif i¢i uygulamalari
iizerinde etkili olabilmektedir. Ornegin; ogrencinin zihinsel ve fiziksel yeterlik/yetersizligi,
ogrenmeye istekli olma/olmama durumu, istenmeyen davraniglar (dersi bdlme, sorumluluk almaktan
kagma) gibi degiskenler Ogretim siirecine yansimaktadir. Tirkiye’de yapilan arastirmalar
incelendiginde 6gretmenlerin ¢ok fazla sorunlara sahip oldugu goriilmektedir (Demir ve Ari, 2013;
Ekinci, 2014; Karacaoglu ve Kagar, 2010). Bu sorunlar programlari uygulamada siirenin yetmedigi,
ders arag-gereclerin yetersizligi, caligma saatlerinin fazlaligi, 6grenci sayisinin fazlaligi ve fiziki
imkanlara dayanan zorluklar, okul yonetimi ile ilgili sorunlar ve biirokrasi islerinin fazlaligidir (Demir
ve Ari, 2013; Karacaoglu ve Kagar, 2010). Bununla birlikte 6grencinin sahip oldugu ailede kiiltiir,
sosyo-ekonomik durum, ¢ocuga karsi davranis ve tutumlar, aile iiyelerinin ¢ocuklarina verdigi deger
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gibi sorunlar 6gretmenlerce ifade edilmekte ve bu sorunlar 6grencilerin okuldaki basarilarini biiytik
Olciide etkilemektedir (Ekinci, 2014; Engin, Ozen ve Bayoglu, 2009).

Okul ve smif igindeki olumlu ya da olumsuz yasantilar 6gretmenlerin mesleklerine yonelik farkli
duygu ve diisiince olusturmalarina sebep olabilmektedir. Bu duygu ve diisiinceler 6gretmenin meslegi
ile ilgili yasantisina yonelik, memnuniyet verme-vermeme veya olumlu bir duygu ile sonug¢lanma-
sonu¢lanmama gibi yargilara varmasina sebep olmaktadir. Burada meslege yonelik is tatmini kavrami
oniimiize ¢ikmaktadir. “Is tatmini, bireylerin is tecriibeleri sonucunda elde ettigi olumlu ruh hali”
(Erdogan, 1996; s. 231) olup 6gretmenin meslegini icra ederken yaptigi ise karsi hissettikleri olarak
tamimlanabilir. Ogretmenin is tatmini, meslege yonelik memnuniyeti 6gretim uygulamalarina
yansimakta ve bu durum da 6grenci basarisi ile iligkili hale gelmektedir. Ciinkii mesleklerinden
memnun olan dgretmenler {izerlerine diigen gorev ve sorumluluklar: biiyiik ihtimalle etkili bir sekilde
yerine getirebileceklerdir. PISA 2012 ve TIMSS 2011 sonuglarina gére dgrencilerin matematik
alanlarinda akademik basarilarinin yiiksek oldugu iilkelerde 6gretmen motivasyonu diger iilkelere gore
daha yiiksek oldugu goriilmektedir (Abazaoglu ve Aztekin, 2015). Tiirkiye’deki 6gretmenlerin is
tatmini diizeylerinin &grencilerinin basarilariyla iligkili olup olmadigimin belirlenmesi meslegin
gelecegine yonelik atilacak adimlarda yon gostermesi bakimindan 6nem arz etmektedir.

Yukarida bahsedilen 6grenci, 6gretmen ve okul 6zellikleri dikkate alindiginda bireyin basarisini tek
bir degiskenin yordamadig1 ve birden fazla degiskenin basarinin a¢iklanmasinda 6nemli rolleri oldugu
goriilmektedir. Ozellikle TIMSS gibi uluslararas1 kapsamda ve genis calisma gruplari iizerinde yapilan
smavlar ilkelerin egitim sistemlerini degerlendirmede, 6grencilerin fen, matematik, okuma gibi
alanlardaki basarilarini agiklamada kapsamli bir kaynak saglamaktadir. Bu nedenle 2015 yilinda
gerceklestirilen TIMSS sinavinda 8. simif 6grencilerinin matematik basarist ile iligki gosteren
degiskenlerin belirlenmesi politika yapicilara, sivil toplum kuruluslarina ve arastirmacilara 11k tutmasi
bakimindan 6nemli goriilmektedir. Bu kapsamda bu arastirmada asagida yer alan arastirma sorularina
yanit aranmigstir:

Tiirkiye’de;
1.1. 6grenci boyutu altinda yer alan;

o evdeki kaynaklar

e okul algist

e duyussal alan
1.2. égretmen ve okul boyutunda yer alan
okulda basariya verilen 6nem
giivenli ve diizenli okul ortami
okul kosullar1
is tatmini
Ogretmenin karsilastig1 sorunlar
ogrencilerden kaynakli sorunlar ile ilgili TIMSS 2015 puanlari diger iilke puanlarina kiyasla
nasildir?
2. Budegiskenler 6grencilerin TIMSS 2015 matematik basari puanlarini ne 6lgiide yordamaktadir?

YONTEM
Calisma Grubu

Bu ¢aligmanin verileri TIMSS 2015 uygulamasindan elde edilmistir. TIMSS 2015°de iki agamali
tabakali ornekleme yontemi (stratified two-stage cluster sample design) kullanilmistir. Birinci
asamada, okullar 6grenci sayilarina bagli olasiliklarla se¢ilmis, ikinci asamada ise ilk asamada segilen
okullarin birer veya ikiser simifi rastgele se¢im yontemi ile belirlenmistir (LaRoche, Joncas ve Foy,
2016). Mevcut ¢alismada, bu yontemler sonunda Tiirkiye’den TIMSS 2015°e segilen tim 8. simif
ogrencileri ve smiflarinin (6gretmenlerin) verileri kullanmilmistir. Tiirkiye’den TIMSS 2015’e 6079
ogrenci (%48 kiz, %52 erkek) ve 220 6gretmen (%47 kadin, %53 erkek) katilmistir.
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Veri Toplama Araclart

Bu ¢alismanin 6l¢me araglarini TIMSS 2015°te uygulanan matematik basari testi, 6grenci ve 6gretmen
anketi olusturmaktadir. Arastirmanin bagimli degiskeni TIMSS matematik basari testi ile elde edilen
puanlardir. Arastirmanin bagimsiz degiskenlerini TIMSS 6grenci ve 0gretmen anketi sorularina
verilen yanitlardan elde edilen 6grenci, 6gretmen ve okul 6zellikleri ile ilgili puanlar olusturmaktadir.
TIMSS 2015 dgrenci ve 6gretmen anketinde matematik basarist ile ilgili oldugu diisiiniilen 6grenci,
ogretmen ve okul dzelliklerini 6lgmek amaci ile Likert tipi sorular kullanilmistir. Bu anket sorulari
ortiik yapilar1 6lgmek amaci ile sorulmus, TIMSS uzmanlari tarafindan ConQuest 2.0 programi ve
Madde Tepki Kurami kullanilarak dlgiilmek istenen yapiya ait dlgek puanlart raporlanmistir. Olgek
puanlar ortalama 10, standart sapma 2 olacak sekilde hesaplanmistir (Martin, vd., 2016).

Calismada 6grenci 6zellikleri 6grencilerin anket sorularina verdikleri yanitlardan olusturulmustur. Ele
alinan degiskenlerde 6grenci boyutu; duyussal alan (6z-yeterlik, tutum ve ogrenme degeri), evdeki
egitimsel kaynaklar, okula aidiyet, zorbalik, dgretim etkinlikleri, okul ve 6gretmen boyutu; okulda
basariya verilen onem, giivenli ve diizenli okul ortami, okul kogullary, is tatmini, O6gretmenin
karsilastigr sorunlar, ogrencilerden kaynakli sorunlar 6l¢ek puanlari ile 6l¢iilmiistiir.

Duyussal Alanda yer alan 6z-yeterlik, tutum ve 6grenme degerinin puanlanmasinda 4’li Likert tipi
6lgek kullanilmustir (tamamen katilmryorum, katilmiyorum, katilryorum, tamamen katiliyorum). Oz-
yeterlik puan1 (Students Confident in Mathematics) matematikte genelde iyiyimdir, matematigi hizla
Ogrenirim, matematikteki zor sorulari yanitlamada iyiyimdir gibi 9 madde kullanilarak
olusturulmustur. Olcekten alman puan arttikga dgrencinin 6z-yeterlik inanc1 da artmaktadir. Tutum
puani (Students Like Learning Mathematics) matematik 6grenmekten hoslanirim, matematikte pek
cok ilging sey 6grenirim, matematigi severim gibi 9 maddeye 6grencilerin katilma diizeyi kullanilarak
hesaplanmigtir.Bu 6lgekten alinan puanlarin artmasi 6grencilerin matematige yonelik tutumlarinin
yiiksek oldugunu gostermektedir. Ogrenme Degeri puani (Students Value Mathematics) matematik
ogrenmek giinliik yasantimda bana yardim eder, iiniversitede istedigim bdliime girmek i¢in matematik
ogrenmeliyim, istedigim ise girmek i¢in matematikte iyi olmaliyim gibi 9 maddeye &grencilerin
katilma diizeyi kullanilarak hesaplanmistir. Anketten alinan puanlarin yiiksek olmasi dgrencilerin
matematige yonelik 6grenme degerinin fazla oldugunu gostermektedir.

Evdeki Egitimsel Kaynaklar puan1 (Home Educational Resources) evdeki kitap sayisi, evde internet
ve odaya sahip olma ile anne ve babanin egitim diizeyi maddeleri kullanilarak olusturulmustur. Bu
bilgiler kag kitap oldugu, internete ve odaya sahip olup olmama ve anne babanin tamamladiklari egitim
diizeyi sorularak elde edilmistir. Bu 6l¢ek puaninda yiiksek puana sahip olma 6grencilerin daha fazla
kaynaga sahip oldugunu gostermektedir.

Okula Aidiyet puani (Students’ Sense of School Belonging) okulda olmay1 severim, okulda kendimi
giivende hissederim, bu okula gitmekten gurur duyuyorum gibi 7 maddeye o6grencilerin katilim
diizeyleri kullanilarak elde edilmistir. Puanlamada 4’1 Likert tipi 6lgek kullanilmistir (tamamen
katilmiyorum, katilmiyorum, katiliyorum, tamamen katiliyorum). Bu 6l¢ekten 6grencilerin yiiksek
puana sahip olmalari kendilerini okula daha fazla ait hissettikleri anlamina gelmektedir.

Zorbalik puan1 (Student Bullying) benimle dalga gegerler, beni oyunlarimin disinda tutarlar, bana
vururlar ve benzeri 8 maddeye 6grencilerin katilma diizeyi kullanilarak hesaplanmistir. Puanlamada
4’li Likert tipi 6lgek kullanilmustir (hi¢bir zaman, yilda birkag kez, ayda bir veya iki kere, haftada en
az bir). Zorbalik puaninin yiiksek olmasi o6grencilerin daha az zorbalia maruz kaldiklarin
gostermektedir.

Osretim Etkinlikleri puam (Students’ Views on Engaging Teaching in Mathematics Lessons)
Ogretmenimi anlamak kolaydir, 6gretmenimin ne dedigi ile ilgilenirim, 6gretmenim yapmamiz i¢in
ilging seyler verir, 6gretmenimiz 6grenmemiz i¢in ¢ok ¢esitli seyler yapar gibi 10 madde kullanilarak
olusturulmustur. Puanlamada 4’lii Likert tipi 06lgek kullanilmistir (tamamen katilmiyorum,
katilmiyorum, katiliyorum, tamamen katiliyorum). Yiiksek puan daha fazla ilgi ve sinifta ¢esitli seyler
yapildigim gostermektedir.
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Okul ve 6gretmen boyutunda; Okulda Basariya Verilen Onem puani (School Emphasis on Academic
Success) ogretmenlerin goziinden bir okulda 6gretmenlerin 6gretim programlarini uygulama diizeyi,
ogretmenlerin 6grencilere 6rnek olma diizeyi, ailelerin 6grenci basarisi beklenti diizeyi ve 6grencilerin
basarili olma arzu diizeyi gibi 14 maddeye katilma diizeyi kullanilarak hesaplanmistir. Puanlamada
5’li Likert tipi 6lgek kullanilmistir (cok diistik, diisiik, orta, yliksek, ¢ok yiiksek). Bu 6lcekte yiiksek
puan 6gretmen algisina gore o okulda basariya daha fazla 6nem verildigini gostermektedir.

Giivenli ve Diizenli Okul Ortami puam (Safe and Orderly School) bu okul giivenli bir bolgededir,
okulda kendimi giivende hissediyorum ve Ogrenciler okul malzemelerini korur gibi 8 madde
kullanilarak olusturulmustur. Puanlamada 4’lLi Likert tipi Ol¢cek kullanilmistir (tamamen
katilmiyorum, katilmiyorum, katiliyorum, tamamen katiliyorum). Bu 6lgekte yiiksek puan dgretmen
algisina gore o okuldaki ortamin daha fazla giivenli oldugu anlamina gelmektedir.

Okul kosullari puanm (Problems with School Conditions and Resources) okulun ciddi bir bakima
ihtiyac1 var, 6gretmenlerin uygun bir ¢alisma alanm1 yok, gretmenlerin yeteri kadar egitim materyali
yok gibi 7 madde 6gretmenlerin katilma diizeyleri kullanilarak hesaplanmigtir. Puanlamada 4°1i Likert
tipi 6l¢ek kullanilmustir (ciddi problem, orta diizey problem, kiigiik problem, problem degil).Yiiksek
puani olan okullarda daha az problem yasandigi belirtilmektedir.

Is Tatmini puam (Teacher Job Satisfaction) dgretmenlik mesleginden memnunum, bu okulda 6gretmen
olmaktan memnunum ve yaptifim is ile gurur duyuyorum ve benzeri 7 madde kullanilarak
olusturulmustur. Puanlamada 4’lii Likert tipi 6lcek kullanilmistir (higbir zaman, bazen, siklikla, cok
sik). Bu dlgekte yiiksek puani olan bir 6gretmenin is tatmini seviyesi de yiiksektir.

Ogretmenin Karsilastig1 Sorunlar puan1 (Challenges Facing Teachers) siniflarda ¢ok fazla dgrenci var,
cok fazla saat derse giriyorum, ¢ok fazla idari isim var gibi 8 maddeye 6gretmenlerin verdikleri yanitlar
kullanilarak hesaplanmistir. Puanlamada 4°1i Likert tipi 6lgek kullanilmistir (tamamen katilmiyorum,
katilmiyorum, katiliyorum, tamamen katiliyorum). Yiiksek puana sahip 6gretmenler daha az sorun
algisina sahiptirler.

Osrencilerden Kaynakli Sorunlar puam hesaplanirken (Teaching Limited by Student Needs)
Ogrencilerin 6n bilgi ve becerilerde eksikleri var, dikkat dagitici 6grenciler var ve ilgisiz 6grenciler var
gibi 6 maddeye 6gretmenlerin katilma diizeyleri kullanilmigtir. Puanlamada 3’14 Likert tipi 6lgek
kullanilmistir (hig, az, ¢ok). Bu 6lgekten alinan yiiksek puan 6gretmenlerin 6grencileri ile daha az
sorun yasadiklar1 anlamina gelmektedir.

Verilerin Analizi

Caligmada ilk olarak 6grenci ve 6gretmen anketindeki sorulara verilen yanitlar kullanilarak elde edilen
dlcek puanlari ile ilgili giivenirlik katsayilar1 ve betimleyici istatistikler raporlanmustir. Olcek puanlar
ortalama 10 ve standart sapma 2 olacak sekilde hesaplandig1 igin 6lgek puanlarina bakilarak Tiirkiye
genelindeki durumun yan1 sira diger tilkelere gore Tirkiye’deki 6grenci ve dgretmen Ozellikleri de
degerlendirilebilmektedir. Ortalamasi 10’dan fazla olan dl¢eklerde o 6zelligin Tiirkiye’de daha fazla
oldugu anlamina gelmektedir. Calismanin ikinci bdliimiinde ise 6grenci ve Ogretmen oOzellikleri
kullanilarak matematik basarisi tahmin edilmistir. Bu amagla, TIMSS matematik basar1 puanlari
bagimli degisken ve 6grenci ve 6gretmen Ozellikleri degiskenleri bagimsiz degisken olacak sekilde
hiyerarsik regresyon analizi ger¢eklestirilmistir. TIMSS uygulamalarinda kullanilan 6rneklem segim
yonteminde veriler 6grenciler ve bu o6grencilerin iligkili oldugu 6gretmenlerden toplandigi igin
hiyerarsik bir yapi1 bulunmakta ve yapilan analizlerde bu hiyerarsik yapiyr dikkate almak
gerekmektedir. Bu ¢aligmadaki hiyerarsik regresyon analizleri TIMSS datasinin 6zelliklerini dikkate
alabilen MPLUS 7.4 programu ile yapilmistir (Muthen ve Muthen, 2015).

Hiyerarsik regresyon analizinin temel varsayimlari olan degiskenlerin normal dagilimi, bagimli ve
bagimsiz degiskenler arasindaki dogrusallik ve hata varyanslarinin bagimsizligi incelenmistir. Ogrenci
diizeyinde bulunan 7 degiskenin ve simif diizeyinde bulunan 6 degiskenin normal dagilip dagilmadig:

carpiklik ve basiklik degerleri ile incelenmistir. Degerlerin genel olarak -1 ile +1 arasinda degistigi
icin (Ozyeterlik basiklik degeri 1.29; Ogretmenin karsilastigt sorunlar basiklik degeri 1.36;

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 253
Journal of Measurement and Evaluation in Education and Psychology



Egitimde ve Psikolojide Ol¢me ve Degerlendirme Dergisi

ogrencilerden kaynakli sorunlar basiklik degeri 1.18) normal dagilim varsayimindan uzaklagilmadigi
gorlilmistiir. Bagimli ve bagimsiz degiskenler arasindaki dogrusallik varsayimi sagilma diyagramu ile
incelendiginde ise dogrusalliga tehdit olusturan bir durum ile karsilasgilmamistir. Hata varyanslarinin
bagimsizlig varsayimi da ilgili sagilma diyagramui ile incelenmis, hata varyanslar arasinda bir iligki
olmadig1 goriilmiistiir.

BULGULAR
Ol¢cek Puanlarinin Giivenirligi

TIMSS tarafindan raporlanan dlgek puanlarmin Tiirkiye i¢in giivenirlik degerleri (Cronbach’s Alpha)
Tablo 1°de verilmistir. Giivenirlik degerleri TIMSS tarafindan raporlanmigtir (Martin, vd., 2016).
Ortanca degerleri ise hesaplanarak tabloya eklenmistir. Tiirkiye’deki 6grencilerin ve dgretmenlerin
anket sorularina verdikleri yanitlarin genel olarak tutarli oldugu goriilmektedir. George ve Mallery
(2003) Cronbach’s alpha degeri 0.90 civari ise miikemmel, 0.80 civari ise iyi, 0.70 civari ise kabul
edilebilir ve 0.60 civari ise sorgulanmalidir diye belirtmektedir. Ogrenci degiskenlerinde egitimsel
kaynaklar disinda tiim giivenirlik degerleri iyi veya miikemmel seviyededir. Egitimsel kaynaklar
degiskeninin giivenirlik degeri tiim iilkelerin en yiiksek degeri olan 0.63 degerine olduk¢a yakin ve
ortanca degerinden oldukga yiiksektir. Bu 6l¢ek kapsaminda sadece 3 soru sorulmasinin genel olarak
diisiik bir giivenirlik degeri ¢tkmasina sebep oldugu diisiiniilmektedir. Ogretmen degiskenlerinde tiim
giivenirlik degerleri kabul edilebilir veya iizeri seviyededir. Genel olarak 6l¢ek puanlarinin tutarl
oldugu, Tiirkiye’den gelen yanitlarin ise ortanca degerlerine yakin oldugu goriilmektedir.

Tablo 1. Ogrenci, Ogretmen ve Okul Olgek Puanlarinin Giivenirlik Degerleri

Uluslararast Uluslararast
Tiirkiye Ortzimcg Minimum Maksimum
Degeri Deger Deger
Diizey-1 (Ogrenci)
Ogrencilerin Evdeki Kaynaklari
Egitimsel Kaynaklar .62 44 27 .63
Ogrencilerin Okul Algist
Okula Aidiyet .78 .82 .68 .88
Zorbalik .81 .83 74 .88
Ogretim Etkinlikleri .89 91 .86 .94
Ogrencilerin Duyussal Alani
Tutum .92 93 .87 .95
Oz-yeterlik .87 .88 .68 .93
Ogrenme Degeri .87 .88 81 91
Diizey-2 (Ogretmen ve Okul)
Okulda Basariya Verilen Onem .89 .90 .82 .92
Giivenli ve Diizenli Okul Ortamu .88 .86 a7 .90
Okul Kosullar .88 .85 .78 91
Is Tatmini .88 .90 .85 .95
Ogretmenin Karsilastig1 Sorunlar 12 73 .50 .82
Ogrencilerden Kaynakli Sorunlar 71 75 .61 .82
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Birinci Alt Probleme Iliskin Bulgular
Betimleyici istatistikler

Bu boliimde galigmada kullanilan 6grenci, 6gretmen ve okul degiskenlerinin ortalama ve standart
sapma degerleri verilmistir. TIMSS tarafindan raporlanan 6l¢ek puanlarinin kullanilmasinin en énemli
avantaji standart olan bu puanlarin genel ortalamalar ile karsilastirmaya olanak saglamasidir. Olgek
puanlar ortalama 10, standart sapma 2 olacak sekilde hesaplanmistir (Martin, vd., 2016). Ortalamanin
10°dan fazla olmas1 o 6zellikten Tiirkiye’de ortalamaya gore daha ¢ok oldugu, 10°dan az olmasi da o
Ozelligin daha az oldugunu gostermektedir. Bu degerlerin istatistiksel olarak 10’dan farkli olup
olmadigini degerlendirme amaci ile bu degerler tek 6rneklem t-testi ile kontrol edilmistir. Fark bulunan
degiskenler Tablo 2’de gosterilmektedir.

Tablo 2. Ogrenci, Ogretmen ve Okul Ol¢ek Puanlarinin Betimleyici istatistik Degerleri

Ort. SS

Diizey-1 (Ogrenci)
Ogrencilerin Evdeki Kaynaklar:

Egitimsel Kaynaklar 9.12*** 193
Osrencilerin Okul Algist

Okula Aidiyet 10.60***  2.00

Zorbalik 10.28***  1.97

Ogretim Etkinlikleri 10.57*** 1.84
Ogrencilerin Duyussal Alan:

Tutum 10.26***  1.97

Oz-yeterlik 9.75%** 228

Ogrenme Degeri 10.05  2.09

Diizey-2 (Ogretmen ve Okul)
Okulda Basariya Verilen Onem 9.19***  1.92
Giivenli ve Diizenli Okul Ortam1 ~ 9.28*** 2,15
Okul Kosullar1 8.94*** 219
Is Tatmini 9.77** 181
Ogretmenin Karsilastigi Sorunlar ~ 11.64*** 2,20
Ogrencilerden Kaynakli Sorunlar ~ 8.74*** 1,63

*p < .05. **p < .01, ***p < 001,

Tablo 2 incelendiginde, Tiirkiye’deki 6grencilerin evde sahip olduklar1 egitimsel kaynaklarin diger
iilkelerdeki ogrencilerin sahip olduklar1 kaynaklardan daha az oldugu goriilmektedir. Tiirkiye’deki
ogrenciler kendilerini okullarina daha fazla ait hissetmekte ve diger iilkelerin 6grencilerinden daha az
zorbaliga maruz kalmaktadirlar. Ogretim etkinlikleri hakkinda Tiirkiye’deki 6grencilerin daha olumlu
degerlendirmeler yaptiklar1 goriilmektedir. Tiirkiye’deki 6grenciler diger iilkelerdeki 6grencilere gore
matematik dersi ile ilgili olarak daha olumlu tutuma sahipken, 6z-yeterlik bakimindan ise kendilerini
daha az yeterli hissetmektedirler. Matematige verilen onem degerlendirildiginde, Tiirkiye’deki ve
diger iilkelerdeki 6grencilerin ortalamalari arasinda anlamli bir fark olmadig1 goriilmektedir.

Tablo 2’de yer alan 6gretmen ve okul 6zelliklerine gore okullarda basartya verilen dnem diger tilkelere
gore daha diisiik seviyededir. Tiirkiye’deki 6gretmenlerin okullarini giivenli ve diizenli gérme oranlari
diger iilkelerin ortalamalarinin altindadir. Okul kosullart incelendiginde ise Tiirkiye’deki
ogretmenlerin okullarinda diger iilke 6gretmenlerine gére daha az sorun oldugunu belirtmislerdir.
Tiirkiye’deki 6gretmenlerin yaptiklar1 meslekten daha az tatmin olduklar1 goriilmektedir. Ogretmenin
karsilastigi sorunlara bakildiginda Tiirkiye’deki 6gretmenler siniflarinda ¢ok fazla 6grenci olmasi veya
cok fazla saat derse girme gibi durumlar1 daha az yasadiklarim belirtirken, 6grencilerin 6n bilgi ve
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becerilerinde eksik olma, dikkat dagitic1 ve ilgisiz 6grencilerin var olmasi gibi sorunlardan daha fazla
sikayetci olduklarini belirtmislerdir.

Ikinci Alt Probleme Iliskin Bulgular
Matematik basarisini tahmin edebilen ogrenci, ogretmen ve okul 6zellikleri

Bu kisimda Tiirkiye’deki 6grencilerin matematik basarisini yordayan 6grenci, 6gretmen ve okul
ozellikleri raporlanmaktadir (Tablo 3). Elde edilen sonuglara goére matematik bagarisin1 yordamada en
onemli dgrenci 6zelligi dz-yeterliktir (B = .56). Ogrencilerin dz-yeterlik degerleri arttikca, matematik
basarilar1 da artmaktadir. Matematik basarisin1 tahmin etmede 6nemli rolii olan bir bagka degisken
ogrencilerin evde sahip olduklar1 egitimsel kaynaklardir (B = .18). Ogrencilerin evlerinde sahip
olduklar egitimsel kaynaklar arttikca, matematik basarilar1 da artmaktadir. Bu ¢alismada basariy1
aciklayan faktdrlerden en 6nemli iki tanesi olan 6z-yeterlik ve evde sahip olunan egitimsel kaynaklarin
Tiirkiye’deki 6grenciler igin uluslararasi ortalamanin altinda oldugunu belirtmek gerekir. Ogrencilerin
matematik dersine karsi tutumlar1 ve matematik basarisi arasinda negatif bir iliski bulunmustur (f = -
.10). Bu negatif iliski degiskenler bir arada ele alindiginda 6grencilerin 6z-yeterlik gibi diger
degiskenleri sabit tutuldugunda tutum ve matematik basarisi arasinda negatif bir iliski oldugu anlamina
gelmektedir. Matematik basarisi ile anlamli bir iligkisi olan ama goreli olarak tahminde daha az 6nemi
olan diger degiskenler zorbalik (B = .07), okula aidiyet (B = -.06) ve 6gretim etkinlikleridir ( = .05).
Bu bulgular daha az zorbaliga maruz kalan 6grencilerin daha basarili, okula kendilerini daha fazla ait
hisseden 6grencilerin daha az basarili ve daha etkin 6gretim yasayan 6grencilerin daha basarili oldugu
anlamia gelmektedir. Bu ¢alismada &grencilerin matematige verdigi 6nem ve matematik basarisi
arasinda istatistiksel olarak anlamli bir iliski bulunamamustir. Arastirmada ele alinan Ogrenci
Ozellikleri 6grenciler arasindaki matematik basarisi farkliliklarinin %34’ {inii agiklayabilmektedir.

Tablo 3. Matematik Basarisin1 Yordayan Ogrenci ve Ogretmen Ozellikleri

Standart Olmayan Katsayilar ~ Standart Katsayilar

Diizey-1 (Ogrenci)
Ogrencilerin Evdeki Kaynaklar

Egitimsel Kaynaklar 8.29*** 18%**
Ogrencilerin Okul Algist
Okula Aidiyet -2.73%** -.06***
Zorbalik 3.03*** 07x**
Ogretim Etkinlikleri 2.21** .05**
Ogrencilerin Duyussal Alani
Tutum -3.99%** - 10***
Oz-yeterlik 21.00*** 56***
Ogrenme Degeri -.49 -.01
Diizey-2 (Ogretmen)
Okulda Basariya Verilen Onem 9.85%** AQ***
Giivenli ve Diizenli Okul Ortami -1.05 -.05
Okul Kosullart 1.15 .05
Is Tatmini -.02 .00
Ogretmenin Karsilastig1 Sorunlar -.99 -.04
Ogrencilerden Kaynakli Sorunlar 6.88** 24%*
Okullar i¢i agiklanan varyans %34
Okullar aras1 agiklanan varyans %29

*p < .05. **p < .01, ***p < 00L.
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Tablo 3’te matematik basarisi ile iliski gosteren 6gretmen ve okul 6zellikleri incelendiginde okulda
basariya verilen 6nem (B = .40) ve 6grencilerden kaynakli sorunlar (B = .24) degiskenlerinin matematik
basarisim1 tahmin edebildikleri goriilmektedir. Matematik basarisim1 tahminde rolii olan bir diger
degisken dgrencilerden kaynakli sorunlardir. Ogrencileri daha az sorunlara sahip olan veya bu sekilde
diisiinen Ogretmenlerin siniflarinda bulunan 6grenciler daha basarilidir. Buna karsin, Tiirkiye’deki
ogretmenler diger llkelerdeki Ogretmenlere gore daha fazla bu konuda sorun yasadiklarini
raporlamislardir. Bu ¢aligmanin 6gretmenler tarafindan raporlanan diger degiskenleri olan giivenli ve
diizenli okul ortami, okul kosullari, is tatmini ve 6gretmenin karsilastigi sorunlar ile matematik basarisi
arasinda bir iliski bulunamamistir. Arastirmada ele alinan okul ve sinif ile ilgili faktorler bir araya
geldiklerinde siniflar arasindaki matematik basarisi farkliliklarinin %29’unu agiklayabilmektedir.

SONUCLAR ve TARTISMA

TIMSS, PISA ve PIRLS gibi uluslararasi sinavlar, her katilimci tilkeye basar1 sonuglarini yorumlamak,
egitim ve Ogretim programlart uygulamalarinda meydana gelen degisiklikleri izlemek igin kapsamli
bir kaynak saglamaktadir (Mullis, Martin, Ruddock, O’Sullivan ve Preuschoff, 2009). Ozellikle
Tiirkiye gibi egitim sisteminde sorunlari olan ve bu sorunlara yonelik ¢6ziim arayisi igerisinde olan
tilkelere uluslararasi diizeyde yapilan sinavlara ait sonuglar énemli veri kaynaklari sunmaktadir
(Olgiioglu, 2015). Yapilan bu smavlarda; fen, matematik, okuma gibi temel alanlarla birlikte
Ogrencilere uygulanan anketlerle motivasyonlari, kendileri hakkindaki diislinceleri, &grenme
stireclerine iligkin psikolojik 6zellikleri, 6grenim gordiikleri okul ortamlar1 ve aileleri ile ilgili veriler
toplanmaktadir. Bu veriler, Ogrencilerin biligsel basarilarina yonelik elde edilen verilerin
yorumlanmasinda kullanilmaktadir (MEB, 2016). Bu arastirmada 2015 yilinda gergeklestirilen TIMSS
sinavina katilan 8. sinif 6grencilerinin matematik dersine yonelik bilissel alana ait akademik basarilar
ile Ogrenci, Ogretmen ve okul degiskenlerinin nasil bir iligki i¢inde oldugunun belirlenmesi
amaclanmigtir. Arastirmada Ogrenci faktorii altinda yer alan bagimsiz degiskenler Ogrencilerin
duyussal alan (tutum, 6z-yeterlik ve 6grenme degeri), evdeki kaynaklari, okula aidiyet, zorbalik,
ogretim etkinlikleridir. Cevre (okul ve O6gretmen) faktorii altinda yer alan degiskenler ise okulda
basariya verilen onem, giivenli ve diizenli okul ortami, okul kosullari, is tatmini, 6gretmenin
karsilastig1 sorunlar ve 6grencilerden kaynakli sorunlardir.

Bu arastirma kapsaminda yukarida belirtilen 6grenci degiskenlerinin TIMSS 2015°teki matematik
basarisindaki farkliliklarin  %34’tinti agikladigi goriilmektedir. Bu faktorlerden duyussal alan
boyutunda yer alan oz-yeterlik 8. simif Ogrencilerinin TIMSS 2015’te matematik basarilarini
yordamada en onemli degiskendir. Diger bir ifadeyle 6z-yeterlik inanglari yiiksek olan 6grencilerin
matematik basarilari daha yliksektir. Benzer sekilde TIMSS 1999, 2007 ve 2011 yillarinda Tiirk
Ogrencilerin 0z-yeterlik inanci matematik basarilarini agiklamada ©6nemli bir degisken olarak
bulunmustur (Demir ve Kilig, 2010; Dogan ve Baris, 2010; Yavuz vd., 2017). Bu acidan
diistiniildiigiinde ailede ve okulda Ogrencilerin 6z-yeterlik diizeylerini yiiksek tutacak ortamlarin
saglanmas1 6grencilerin matematik basarilarinin artmasinda katki saglayacagi sdylenebilir. Ciinkii
yiiksek 6z-yeterlige sahip Ogrencilerin kendilerine verilen gorevi tamamlama egilimlerinin yiiksek
oldugu, herhangi bir zorlukla karsi karsiya geldiklerinde sebat ederek daha ¢ok calistiklar
goriilmektedir (Pajares, 2008). Oz-yeterlik bireylerin pozitif ve gergekci bakis acisiyla beklentilerini
ve yeteneklerini yonetebilme firsati sagladigindan bu inang 6grenilebilir ve insa edilebilir (Ker, 2016).
Bu sebepten dolay1 6grencilerin matematik basarilarinin artirilmasi i¢in 6gretmenlerin 6grencilerinin
matematik 6z-yeterliklerini gelistirmeleri gerekmektedir. Bagka bir ifadeyle eksik 6z-yeterlik algisi
eksik yetenek anlammma geldigini disiinlirsek Ogretmenlerin  6grencilerinin  glivenlerini
giiclendirmeleri ve matematiksel yeterliklerini insa etmeleri 6nemlidir (Chen, 2014).

Duyussal alanla ilgili elde edilen bir diger bulgu, tutum degiskeniyle ilgilidir. Ogrencilerin matematik
dersine karsi tutumlar ile matematik basari puanlar1 arasinda negatif yonde ve anlamh bir iliski
¢ikmugtir. Ogrencilerin matematige yonelik tutum puanlari arttikga matematik basarilar1 diismektedir.
Tutum degiskeniyle ilgili elde edilen bu bulgu aragtirmanin ¢arpici bulgular: arasinda yer almaktadir.
Ciinkii 6grenme ile ilgili en kritik neme sahip yapinin matematige karsi tutum oldugu (Olgiioglu ve
Cetin, 2016) ve matematikteki basarisizliginin sebepleri arasinda dgrencilerin matematige yonelik
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olumsuz tutumlar1 gosterilmektedir (Baykul, 2009). Tirk 06grencilerinin daha o6nce TIMSS
sinavlarindaki tutum degiskenine yonelik sonuglart da farklilik gostermektedir. Ornegin, Tiirk
Ogrencilerinin matematige yonelik tutum puanlari ile TIMSS 2007 matematik basarilar1 arasinda
negatif iliski gorilirken (Sisman, Acat, Aypay ve Karadag, 2011), TIMSS 1999’da tutum
degiskeninin matematik basari puanlari {izerinde anlamli bir etkisi bulunamamaistir (Dogan ve Baris,
2010; Uzun, Biitiiner ve Yigit, 2010). Tiirk 6grencilerinin matematige kars1 nispeten olumsuz tutum
sergilemesinin nedeni arasinda Tiirkiye’deki rekabetgi sinav sistemi gosterilebilir. Ciinkii rekabetci
sinav sisteminin ve 6gretmenlerin 6grencileri tesvik eksikliginin 6grencilerin matematik dersine karsi
olumsuz tepki gelistirilebilecekleri ifade edilmektedir (Leung, 2002).

Duyussal alan icerisinde yer alan diger bir degiskene ait bulguya bakildiginda; matematige verilen
onem ile 6grencilerin matematik basarilari arasinda anlamli bir iliski cikmamustir. Benzer sekilde 2007
ve 2011 yillarinda TIMSS uygulamalarina Tiirkiye’den katilan 8. sinif 6grencilerinin matematik basari
puanlart ile matematige verilen deger puanlart arasindaki iligki her iki uygulama dénemi igin de
anlamli olmadigi bulunmustur (Arikan vd., 2016; Yavuz vd., 2017). Matematige verilen deger ile
matematik basar1 arasinda bir iligskinin ortaya ¢ikmamasi matematige deger veren 6grencilerle, deger
vermeyen Ogrenciler arasinda bir basari farki olmadigi seklinde yorumlanabilir. Ayni zamanda
Ogrencilerin yasamin her alanin yer alan matematigin 6neminin farkina varmasi da bu duruma neden
oldugu sdylenebilir (Yavuz vd., 2017).

TIMSS 2015 sinavinda matematik basarisini tahmin etmede 6z-yeterlik inancindan sonra 6nemli rolii
olan bir bagka degisken 6grencilerin evde sahip olduklari egitimsel kaynaklardir. TIMSS kapsaminda
evdeki kitap sayisi, bilgisayar ve egitim ile ilgili bilgisayar programi ve internet, odaya sahip olma,
anne ve babanin egitim diizeyi gibi durumlar evdeki egitimsel kaynaklar olarak ele alinmaktadir. Bu
aragtirma sonucuna goére; Ogrencilerin evlerinde sahip olduklar1 egitimsel kaynaklar arttikca,
matematik basarilar1 da artmaktadir. Bagka bir ifade ile anne-babanin egitim diizeyi yiikseldikce, evde
bulunan kitap sayist ve egitime destek verecek diger arag-gerecler (bilgisayar, internet vb.) arttikga
matematik basarisi artiyor denilebilir. Ciinkii daha fazla kaynaklara sahip olan ailelerden gelen
ogrenciler ayricalikli okullara gonderilmekte, daha iyi 6gretmenlerden egitim almakta ve yiiksek
akademik beklentileri olan ortamlarda yer almaktadir (Chiu, 2010). Yine anne-babanin egitim diizeyi
Ogrenciye verilen destegin (kitap, evde birlikte calisma vb.) artmasina sebep olabilmektedir. Bu
durumda sosyo-ekonomik diizey (Oral ve Mcgivney, 2013) ve kiiltiir egitimde 6nemli bir faktor olarak
karsimiza ¢ikmaktadir. Yapilan arastirmalar incelendiginde bu arastirma ile benzer bulgularin ortaya
ciktigr goriilmektedir. Ornegin; TIMSS 1999 (Akyiiz ve Berberoglu, 2010; Yayan ve Berberoglu,
2004), TIMSS 2011 (Akyiiz, 2014; Bayar ve Bayar, 2013; Kilig¢ ve Askin, 2013; Olgiioglu ve Cetin,
2016), PISA 2006 (Ozer ve Anil, 2011) ve PISA 2012 (Usta, 2014) verileriyle yapilan arastirmalarda
Ogrencilerin evdeki egitimsel kaynaklarin matematik akademik basarisiyla anlamli diizeyde bir iliski
icerisinde oldugu ve matematik basarisin1 yordayan onemli degiskenlerden biri oldugu ortaya
cikmustir.

Arastirmada matematik basarisi ile anlamli bir iligkisi olan ama goreli olarak tahminde daha az Gnemi
olan diger degiskenler zorbalik, okula aidiyet ve dgretim etkinlikleridir. Ogrencilerin okul algisi ile
ilgili degiskenlere (zorbalik, okula aidiyet ve &gretim etkinlikleri) ait bulgulari incelendiginde;
okullarda daha az zorbaliga maruz kalan 6grencilerin daha basarili, okula kendilerini daha fazla ait
hisseden 6grencilerin daha az basarili ve daha etkin 6gretim yasayan 6grencilerin daha basarili oldugu
goriilmiistlir. Arastirmadan elde edilen bu bulgular alanyazin ile paralellik géstermektedir. TIMSS
2011 degiskenleri arasinda yer alan siddet ve zorbalik olaylarinin diger iilkelere oranla Tiirkiye’de
daha fazla goriildiigii ve bu durumun 6grencilerin matematik basarisin1 olumsuz yonde etkiledigi
belirtilmektedir (Bulug, 2014; Yavuz vd., 2017). Benzer sekilde TIMSS 2007’de okullarda zorbaliga
maruz kalan dgrencilerin akademik basarilar1 azaldigi goriilmektedir (Yavuz vd., 2017). Elde edilen
bu bulgular yiiksek zorbaliga maruz kalma diizeyine sahip olan okullara devam eden 6grencilerin
okuldaki performanslarinin daha diisiik olabilecegini gostermektedir (Strem vd., 2013). Bu nedenle
okul ortaminda yasanan zorbalik olaylarinin yakindan takip edilmesi ve bu olaylarin énlenmesi igin
gerekli tedbirlerin alinmas1 6grencilerin ruhsal sagliklart ve kisilik gelisimleri kadar 6grenme
ortamlarinda saglanan &gretimin kalitesi agisindan da biiyiikk 6neme sahiptir (Yildirim, Yildirim,
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Yetisir ve Ceylan, 2013). Giivenli ve diizenli olmayan bir okul ortaminda yasayan ve kendini yasadigi
okula ait hissetmeyen 6grenciler okulun 6nemini ve degerini anlayamamakta; okulu can sikici, rutin
ve ileriki yasamlarinda hicbir ise yaramayacak bir yer olarak gormelerine neden olabilmektedir
(Simsek ve Katitas, 2014). Ogrencilerin olumsuz, hos olmayan bir iklime sahip veya kendilerini
dislanmis hissettikleri bir okula gitmek istememeleri (Ozdemir, Sezgin, Sirin, Karip ve Erkan, 2010)
onlarin akademik basarilarina da olumsuz etki yapabilecegi sdylenebilir. Yapilan arastirmalar bu
bulguyu desteklemektedir (Goodenow ve Grady, 1993; Sari, 2012; 2013). Yine O6grencilerin
kendilerini okula ya da simfa ait hissetmemeleri Ogretmenlerin simif 6gretim etkinliklerinden
kaynaklanabilir. Ogretmenin &gretim siirecine 6grenciyi siirece dahil edememesi ve onun ilgi ve
yeteneklerini goz oniinde bulunduramamasi 6grencilerin 6gretmenle olan simif i¢i iletisimine ve
dolayisiyla akademik basarisina etki edebilir. Matematik 6gretim programindaki yeni yaklagimlar ve
bu baglamda uygulanan programlar dgrencilerin matematigi anlamli 6grenmesine, problem ¢ézme
becerilerini kazandirmasina ve becerilerin giinliik hayatla olan iliskisi {izerine yogunlagsmaktadir. Bu
sebepten dolayr ogretmenlerin simmif igi Ogretim uygulamalari ve Ogrencilerin bu &gretim
uygulamalarina yonelik alg1 ve anlayislar1 5nem kazanmaktadir. ilgi, istek ve yeteneklerinin farkinda
olunan, olumlu bir iletisim siireci iginde olunan bir 6gretim siireci bireyin sadece biligsel 6zelliklerini
degil duyussal 6zelliklerini de olumlu bir sekilde etkileyecektir.

Ogrenmede cevre faktorii altinda ele alinan okulda basariya verilen énem, giivenli ve diizenli okul
ortami, okul kosullart, is tatmini, 6gretmenin karsilastig1 sorunlar ve 6grencilerden kaynakli sorunlarin
hepsi bir araya geldiginde dgrencilerin matematik basarilarinin %29 unu agiklamaktadir. Ogrenmede
cevre faktoriinde yer alan okulda basariya verilen 6nem ve ogrencilerden kaynakli sorunlar
Ogrencilerin matematik basarisin1 yordamada iki 6nemli degisken olmustur. Bir bagka ifadeyle daha
fazla bagariya 6nem verilen okullarda 6grenim gdren 6grencilerin daha basarili olduklari ve 6grencileri
daha az sorunlara sahip olan veya bu sekilde diislinen 6gretmenlerin siniflarinda bulunan 6grenciler
daha basaril1 olduklari1 s6ylenebilir. Her ne kadar ¢evresel faktorlerden okulda basariya verilen 6nem
ve O0grencilerden kaynakli sorunlar 6grencilerin matematik basarisini yordamada 6nemli goriilse de
Tiirkiye’nin okulda bagariya verilen 6nem ortalamasi diger {ilkelerin gerisinde oldugu ve 6gretmenler
diger iilkelerdeki dgretmenlere gore daha fazla bu konuda sorun yasadiklar1 goriilmektedir (Martin
vd., 2016).

Arastirmanin gevresel faktorleri icerisinde yer alan giivenli ve diizenli okul ortami, okul kosullari, ig
tatmini ve 6gretmenin karsilastig1 sorunlar ile matematik basarisi arasinda bir iligki bulunamamustir.
Bu agidan bakildiginda arastirmada giivenli ve diizenli okul ortami ve okul kosullari ile 6grencilerin
matematik basarilar1 arasinda anlamli bir iliskinin ortaya ¢ikmamasi arastirmanin bir diger garpict
bulgular1 arasinda yer almaktadir. Cilinkii giivenli ve diizenli ortama sahip okullarin 6grencilerin
akademik basarisini olumlu yonde etkiledigi belirtilmektedir (Abazaoglu, Yatagan, Yildizhan,
Arifoglu ve Umurhan, 2015; Bulug, 2014). Ogrencinin okulun saglamis oldugu giivenilir ortamdan
dolay1 yasadigi rahatlik onun okula yonelik motivasyonunu (Yaman vd., 2010) ve dolayisiyla bu da
basarisini etkileyebilecegi sdylenebilir. Arastirmadan elde edilen bu bulgu alanyazin arastirmalartyla
paralellik gostermemektedir. Ornegin, TIMSS ve PIRLS 2011 siavlarina ait sonuglara bakildiginda
diizensiz bir ¢evreye sahip ve okulda siddetin fazla oldugu ortamlarda egitim géren Ogrencilerin
diizenli ve giivenli 6grenme ortamlarda egitim goren Ggrencilere oranla daha diigiik basarili oldugu
gorlilmektedir (Aydin, 2015).

Sonug olarak; TIMSS sonuglari géz 6niinde bulunduruldugunda; matematik akademik basarisi ile
yiiksek iligkisi bulunan birey ve g¢evre degiskenlerinin 6grencinin 6grenmesinde 6nemli farklilik
saglamaktadir. Bu sebepten dolay1r 0gretmenlerin grencilerin matematik dersine ydnelik inang,
yeterlik algilarini ve tutumlarmi da artirict motivasyonel stratejileri kullanmalari, sinif i¢i 6gretim
uygulamalarinin matematigi anlamlandirmada daha etkili yontem, teknik ve stratejilerinin
kullanilmas1 gerekmektedir. Ayrica simif ve okul ortamlarinin dgretim siirecini destekleyici olmasi
noktasinda gerekli ortamin ve kaynaklarin saglanmasi gerekmektedir. Ogrencilerin kendilerini okula
ait ve okulda giivende hissetmeleri i¢in gerekli adimlarin okul yoneticileri, aileler ve 6gretmenlerle
birlikte igbirligi i¢inde uygulanmasi gerekmektedir. Sosyo-ekonomik diizeyi diisiik olan ailelerin
bulundugu cevrelerde okullarin daha ¢ok kaynaklara sahip olmasina dikkat edilmeli ve bu okullardaki
cocuklarin okul kaynaklarindan daha fazla yararlanmalari i¢in okulda kalma siirelerinin uzatilmasi
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saglanabilmelidir. Bu diisiinceyi merkeze alan iilkelerde farkli okul modelleri gelistirilmis olup bu gibi
okullarin uygulamalar1 incelenerek yeni okul modelleri gelistirilebilir. Bu sayede yeterli kaynaklarin
olmamasindan dogan imkansizliklar minimize edilmeye ¢aligabilir.

KAYNAKCA

Abazaoglu, I., Yatagan, M., Yildizhan, Y., Arifoglu, A. ve Umurhan, H. (2015). Ogrencilerin matematik
basarisinin  uluslararas1  fen ve matematik egilimleri arastirmast  sonuglarina  gore
degerlendirilmesi. Turkish Studies-International Periodical for the Languages, Literature and History
of Turkish or Turkic Volume, 10(7), 33-50. doi: 10.7827/TurkishStudies.7781

Abazaoglu, 1. ve Aztekin, S. (2015). Ogretmen moral ve motivasyonlarimn égrencilerin fen ve matematik
bagsarilarina etkisi (Singapur, Japonya, Finlandiya ve Tiirkiye). Uluslararasi Egitim Kongresi: Gelecek
icin Egitim, Ankara, Tiirkiye.

Akyiiz, G. (2014). TIMSS 2011°de 6grenci ve okul faktorlerinin matematik basarisina etkisi. Egitim ve Bilim,
39(172), 150-162.

Akyuz, G., & Berberoglu, G. (2010). Teacher and classroom characteristics and their relations to mathematics
achievement of the students in the TIMSS. New Horizons in Education, 58(1), 77-95.

American Federation of Teachers. (2006). Building minds, minding buildings: Turning crumbling schools into
environments for learning. Retrieved from: http://www.chicagoacts.org/storage/documents/minding-
bldgs.pdf.

Anderson, C. M. (2010). Linking perceptions of school belonging to academic motivation and academic
achievement amongst student athletes: A comparative study between high-revenue student athletes and
non-revenue student athletes (Doctoral dissertation, University of California). Retrieved from:
https://escholarship.org/uc/item/8nt3g57h.

Arikan, S., van de Vijver, F. J. R., & Yagmur, K. (2016). Factors contributing to mathematics achievement
differences of Turkish and Australian students in TIMSS 2007 and 2011. EURASIA Journal of
Mathematics, Science and Technology Education, 12(8), 2039-2059. doi: 10.12973/eurasia.2016.1268a

Ayan, A. (2014). Ortaokul 6grencilerinin matematik oz-yeterlik algilari, motivasyonlari, kaygilart ve tutumlar
arasindaki iliski (Yiksek lisans tezi, Balikesir Universitesi, Fen Bilimleri Enstitiisii, Balikesir).
https://tez.yok.gov.tr/Ulusal TezMerkezi adresinden edinilmistir.

Aydin, M. (2015). Ogrenci ve okul kaynakl faktorlerin TIMSS matematik basarisina etkisi. (Doktora tezi,
Necmettin Erbakan Universitesi, Egitim Bilimleri Enstitiisi, Konya).
https://tez.yok.gov.tr/Ulusal TezMerkezi adresinden edinilmistir.

Aydin, Y. (1993). Matematik dgretmeni nasil yetistirilmeli. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 9,
109-114.

Baker, L., & Bernstein, H. (2012). The impact of school buildings on student health and performance: A call for
research. Retrieved from http://www.centerforgreenschools.org/sites/default/files/resource-
files/McGrawHill_ImpactOnHealth.pdf .

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. Englewood Cliffs, NJ:
Prentice Hall.

Bayar, V. ve Bayar, S. A. (2013). TIMSS 2011 matematik basarist ulusal degerlendirme raporu. Tirk Egitim
Sendikast TIMSS 2011 Matematik Basarisi  Ulusal Degerlendirme Raporu, Ankara.
https://www.turkegitimsen.org.tr/upload_doc/00_2012_y/00_yok/TIMSS.docx adresinden edinilmistir.

Baykul, Y. (2009). llkégretimde matematik 6gretimi: 1-5. simiflar icin. Ankara: Pegem Akademi.

Bayrake1, M. (2007). Sosyal 6grenme kurami ve egitimde uygulanmasi. Sakarya Universitesi Egitim Fakiiltesi
Dergisi, 14, 198-210.

Bilican, S., Demirtasli, R. N. ve Kilmen, S. (2011). Matematik dersine iliskin tiirk &grencilerin tutum ve
goriigleri: TIMSS 1999 ve TIMSS 2007 karsilastirmasi. Kuram ve Uygulamada Egitim Bilimleri, 11(3),
1277-1283.

Bloom, B. S. (2012). Insan nitelikleri ve okulda 6grenme (Cev. D. A. Ozgelik). Ankara: Pegem Akademi.

Brese, F., & Mirazchiyski, P. (2010, July). Measuring students’ family background in large-scale education
studies. 4th IEA International Research Conference, Gothenburg, Sweden.

Bulug, B. (2014). TIMSS 2011 sonuglar1 ger¢evesinde, okul iklimi degiskenine gore dgrencilerin matematik
basar1 puanlarinin analizi. Gazi Universitesi Endiistriyel Sanatlar Egitim Fakiiltesi Dergisi, 33, 105-121.

Biiyiikkaragoz, S. ve Civi, C. (1999). Genel égretim metodlar: (10. Baski). Istanbul: Beta.

Clark, H. (2002). Building education: The role of the physical environment in enhancing teaching and research.
Issues in practice. ERIC Document Number: 472 377.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 260


https://tez.yok.gov.tr/UlusalTezMerkezi
https://tez.yok.gov.tr/UlusalTezMerkezi
https://www.turkegitimsen.org.tr/upload_doc/00_2012_y/00_yok/TIMSS.docx

Sari, M. H,, Arikan, S., Yildizli, H. /8. Simif Matematik Akademik Basarisim Yordayan Faktorler-TIMSS 2015

Calik, T., Kurt, T. ve Calik, C. (2011). Giivenli okulun olusturulmasinda okul iklimi: Kavramsal bir
coziimleme. Pegem Egitim ve Ogretim Dergisi, 1(4), 73-84.

Celik E. (2012). Matematik problemi ¢ozme basarist ile iistbilissel ozdiizenleme, matematik ozyeterlik ve
ozdegerlendirme kararlarimin dogrulugu arasindaki iliskinin incelenmesi (Doktora tezi, Marmara
Universitesi, Egitim Bilimleri Enstitiisii, Istanbul). https://tez.yok.gov.tr/UlusalTezMerkezi adresinden
edinilmistir

Chen, Q. (2014). Using TIMSS 2007 data to build mathematics achievement model of fourth graders in Hong
Kong and Singapore. International Journal of Science and Mathematics Education, 12, 1519-1545.

Chen, P. P. (2003). Exploring the accuracy and the predictability of the self-efficacy beliefs of seventh-grade
mathematics students. Learning and Individual Differences, 14, 79-92.

Chiu, M. M. (2010). Effects of inequality, family and school on mathematics achievement: Country and student
differences. Social Forces, 88(4), 1645-1676.

Danielson, C. (2002). Enhancing student achievement: A framework for school improvement. Association for
Supervision ve Curriculum Development, USA, Alexandria, VA.

Dogan, N. ve Barig, F. (2010). Tutum, deger ve Ozyeterlik degiskenlerinin TIMSS-1999 ve TIMSS-2007
sinavlarinda 6grencilerin matematik basarilarmi yordama diizeyleri. Egitimde ve Psikolojide Olgme ve
Degerlendirme Dergisi, 1(1), 44-50.

Demir, 1. ve Kilig, S. (2010). Ogrencilerin matematige karsi tutumlariin 6grenci basarisina etkisi. /stanbul Aydin
Universitesi Dergisi, 2(5), 50-70.

Demir, M. K. ve Ari, E. (2013). Ogretmen sorunlari-Canakkale ili drnegi. Ondokuz Mayis Universitesi Egitim
Fakiiltesi Dergisi, 32(1), 107-126.

Duru, E. ve Balkis, M. (2015). Birey-¢evre uyumu, aidiyet duygusu, akademik doyum ve akademik basari
arasindaki iliskilerin analizi. Ege Egitim Dergisi, 16(1), 122-141.

Ekinci, A. (2014). ilkdgretim okullarinda ¢alisan miidiir ve 6gretmenlerin mesleki sorunlarina iliskin gériisleri.
Ilkégretim Online, 9(2), 734-748.

Ekizoglu, N. ve Tezer, M. (2007). IIkdgretim 6grencilerinin matematik dersine yonelik tutumlari ile matematik
basar1 puanlar1 arasindaki iligski. Cypriot Journal of Educational Sciences, 2(1), 43-57.

Engin, A. O., Ozen, S. ve Bayoglu, V. (2009). Ogrencilerin okul 6grenme basarilarini etkileyen bazi temel
degiskenler. Sosyal Bilimler Enstitiisti Dergisi, 3, 125-156.

Erdogan, 1 (1996). Isletme yéonetiminde érgiitsel davranis. Istanbul: Avcioglu.

Ferla, J., Valcke, M., & Cai, Y. (2009). Academic self-efficacy and academic self-concept: Reconsidering
structural relationships. Learning and Individual Differences, 19(4), 499-505.

Frenzel, A. C., Pekrun, R., & Goetz, T. (2007). Perceived learning environment and students' emotional
experiences: A multilevel analysis of mathematics classrooms. Learning and Instruction, 17(5), 478-
493.

George, D., & Mallery, P. (2003). SPSS for Windows step by step: A simple guide and reference. 11.0 update
(4th ed.). Boston: Allyn ve Bacon.

Goodenow, C., & Grady, K. E. (1993). The relationship of school belonging and friends’ values to academic
motivation among urban adolescent students. The Journal of Experimental Education, 62(1), 60-71.

Iksara. (2013). Okul giivenligi arastirmast. http://content.bahcesehir.edu.tr/public/files/filessCSG_Okul_V5.pdf
adresinden edinilmistir.

Jan, A., & Husain, S. (2015). Bullying in elementary schools: Its causes and effects on students. Journal of
Education and Practice, 6(19), 43-56.

Karacaoglu, O. C., & Kacar, E. (2010). Yenilenen programlarin uygulanmasinda 6gretmenlerin karsilastigi
sorunlar. Yiiziincii Yil Universitesi Egitim Fakiiltesi Dergisi, 7(1), 45-58.

Karasolak, K. ve Sar;, M. (2011). Mimari ozellikleri farkli okullardaki &grenci ve dgretmenlerin okullarinin
binas1 hakkindaki goriislerinin incelenmesi. Cukurova Universitesi Egitim Fakiiltesi Dergisi, 3(40), 132-
154.

Kegeli-Kaysili, B. (2008). Akademik basarmin arttirilmasinda aile katilimi. Ankara Universitesi Egitim Bilimleri
Fakiiltesi Ozel Egitim Dergisi, 9(1), 69-83.

Ker, H. W. (2016). The effects of motivational constructs and engagements on mathematics achievements: a
comparative study using TIMSS 2011 data of Chinese Taipei, Singapore, and the USA. Asia Pacific
Journal of Education, 37(2), 135-149. doi: 10.1080/02188791.2016.1216826

Kilig, S., & Aski, O. E. (2013). Parental influence on students’ mathematics achievement: The comparative
study of Turkey and best performer countries in TIMSS 2011. Procedia - Social and Behavioral
Sciences, 106, 2000-2007. doi: 10.1016/j.shbspro.2013.12.228

LaRoche, S., Joncas, M., & Foy, P. (2016). Sample design in TIMSS 2015. In M. O. Martin, I. V. S. Mullis, &
M. Hooper (Eds.), Methods and Procedures in TIMSS 2015 (pp. 3.1-3.37). Retrieved from Boston
College, TIMSS & PIRLS International Study Center website:
http://timss.bc.edu/publications/timss/2015-methods/chapter-3.html adresinden edinilmistir.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 261
Journal of Measurement and Evaluation in Education and Psychology


https://tez.yok.gov.tr/UlusalTezMerkezi
http://content.bahcesehir.edu.tr/public/files/files/CSG_Okul_V5.pdf
http://timss.bc.edu/publications/timss/2015-methods/chapter-3.html

Egitimde ve Psikolojide Ol¢me ve Degerlendirme Dergisi

Lee Van Horn, M. (2003). Assessing the unit of measurement for school climate through psychometric and
outcome Analyses of the school climate survey. Educational and Psychological Measurement, 63(6),
1002-1019.

Leder, G. C., & Forgasz, H. J. (2006). Affect and mathematics education: PME perspectives. In A. Gutiérrez, &
P. Boero (Eds.), Handbook of research on the psychology of mathematics education: Past, present and
future (1st ed., 403-427). Rotterdam, The Netherlands: Sense Publishers.

Leung, F. K. (2002). Behind the high achievement of East Asian students. Educational Research and
Evaluation, 8(1), 87-108.

Lezotte, L. (1993). Correlates of effective schools. Maryland Educators Conference, Baltimore, MD.

Martin, M. O., Mullis, I. V. S., Hooper, M., Yin, L., Foy, P., & Palazzo, L. (2016). Creating and interpreting the
TIMSS 2015 context questionnaire scales. In M. O. Martin, 1. V. S. Mullis, & M. Hooper (Eds.), Methods
and procedures in TIMSS 2015 (pp. 15.1-15.312). Retrieved from Boston College, TIMSS & PIRLS
International Study Center website: http://timss.bc.edu/publications/timss/2015-methods/chapter-
15.html adresinden edinilmistir.

McMahon, S. D., Parnes, A. L., Keys, C. B., & Viola, J. J. (2008). School belonging among low income urban
youth with disabilities: Testing a theoretical model. Psychology in the Schools, 45(5), 387-401.

Mcmillian, J. H. (2015). Sinif i¢i degerlendirme (Cev: Ari, A.). Konya: Egitim.

MEB. (2016). PISA 2015 ulusal rapor. http://pisa.meb.gov.tr/wp-
content/uploads/2016/12/P1ISA2015_Ulusal_Raporl.pdf adresinden erisildi.

Mohammadpour, E. (2012). Factors accounting for mathematics achievement of Singaporean eighth-
graders. The Asia-Pacific Education Researcher, 21(3), 507-518.

Mullis, I. V. S., Martin, M. O., Ruddock, G. J., O’Sullivan, C. Y., & Preuschoff, C. (2009). TIMSS 2011
assessment frameworks. Chestnut Hill, MA: TIMSS & PIRLS International Study Center, Boston
College.

Muthén, L. K., & Muthén, B. O. (2015). Mplus user’s guide. (7" ed.). Los Angeles, CA: Muthén ve Muthén.

Nichols, S. L. (2008). An exploration of students' belongingness beliefs in one middle school. The journal of
Experimental Education, 76(2), 145-169.

Oral, 1. ve McGivney, E. (2013). Tiirkiye 'de matematik ve fen bilimleri alanlarinda ogrenci performansi ve
basarimin  belirleyicileri TIMSS 2011 analizi. Istanbul: Egitim Reformu Girisimi Raporu.
http://erg.sabanciuniv.edu/sites/erg.sabanciuniv.edu/filessfERG%20TIMSS%202011%20Analiz%20Ra
poru-03.09.2013.pdf. adresinden edinilmistir.

Organisation for Economic Co-Operation and Development [OECD]. (2004). Learning for tomorrow’s world —
first results from PISA 2003. Retrieved from:
https://www.oecd.org/edu/school/programmeforinternationalstudentassessmentpisa/34002216.pdf.

Olgiioglu, R. ve Cetin, S. (2016). TIMSS 2011 sekizinci simf 6grencilerinin matematik basarisini etkileyen
degiskenlerin bolgelere goére incelenmesi. Egitimde ve Psikolojide Olgme ve Degerlendirme
Dergisi, 7(1), 202-220. doi: 10.21031/epod.34424

Olgiioglu, R. (2015). TIMSS 2011 Tiirkiye sekizinci sinif matematik basarisim etkileyen degiskenlerin bolgelere
gore incelenmesi (Yiiksek lisans tezi, Hacettepe Universitesi, Egitim Bilimleri Enstitiisii, Ankara).
https://tez.yok.gov.tr/Ulusal TezMerkezi adresinden edinilmistir.

Ozdemir, S., Sezgin, F., Sirin, H., Karip, E. ve Erkan, S. (2010). Hkégretim okulu dgrencilerinin okul iklimine
iliskin algilarin1 yordayan degiskenlerin incelenmesi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi,
38(38), 213-224.

Ozer, Y. ve Anil, D. (2011). Ogrencilerin fen ve matematik basarilarini etkileyen faktorlerin yapisal esitlik
modeli ile incelenmesi. Hacettepe Universitesi Egitim Fakiiltesi Dergisi, 41, 313-324.

Ozgen, K. ve Bindak, R. (2011). Lise 6grencilerinin matematik okuryazarligma yonelik dz-yeterlik inanclarinin
belirlenmesi. Kuram ve Uygulamada Egitim Bilimleri, 11(2), 1073-1089.

Oziidogru, M. (2013). Dokuzuncu sinif 6grencilerinin matematik basarilarinin yordanmas: (Yiiksek lisans tezi.
Ege Universitesi, Sosyal Bilimler Enstitiisi, Egitim Bilimleri Anabilim Dali, Izmir)
https://tez.yok.gov.tr/UlusalTezMerkezi adresinden edinilmistir.

Pajares, F., & Miller, M. D. (1997). Mathematics self-efficacy and mathematical problem solving: Implications
of using different forms of assessment. The Journal of Experimental Education, 65(3), 213-228.
Pajares, F. (2008). Motivational role of self-efficacy beliefs in self-regulated learning. In D. H. Schunk, & B. J.
Zimmerman (Eds.), Motivation and self-regulated learning: Theory and research and applications (1%

ed., 111-140). New York: Lawrence Erlbaum Associates.

Papanastasiou, C. (2002). Internal and external factors affecting achievement in mathematics. Studies in
Educational Evaluation, 26, 1-7.

Peker, M. ve Mirasyedioglu, $. (2003). Lise 2.smif 6grencilerinin matematik dersine yonelik tutumlar1 ve
basarilar1 arasindaki iliski. Pamukkale Universitesi Egitim Fakiiltesi Dergisi, 14(14), 157-166.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 262


http://timssandpirls.bc.edu/publications/timss/2015-methods/chapter-15.html
http://timssandpirls.bc.edu/publications/timss/2015-methods/chapter-15.html
http://pisa.meb.gov.tr/wp-content/uploads/2016/12/PISA2015_Ulusal_Rapor1.pdf
http://pisa.meb.gov.tr/wp-content/uploads/2016/12/PISA2015_Ulusal_Rapor1.pdf
https://tez.yok.gov.tr/UlusalTezMerkezi
https://tez.yok.gov.tr/UlusalTezMerkezi

Sari, M. H,, Arikan, S., Yildizli, H. /8. Simif Matematik Akademik Basarisim Yordayan Faktorler-TIMSS 2015

Sar1, M. (2012). Sense of school belonging among elemantary school students. Cukurova Universitesi Egitim
Fakiiltesi Dergisi, 42(1), 1-11.

Sar1, M. (2013). Lise dgrencilerinde okula aidiyet duygusu. Anadolu Universitesi Sosyal Bilimler Dergisi, 13(1),
147-160.

Schunk, D. H. (2008). Metacognition, self-regulation, and self-regulated learning: Research recommendations.
Educational Psychology Review, 20, 463—467. doi: 10.1007/s10648-008-9086-3

Strem, I. F., Thoresen, S., Wentzel-Larsen, T., & Dyb, G. (2013). Violence, bullying and academic achievement:
A study of 15-year-old adolescents and their school environment. Child Abuse Negl, 37(4), 243-251.

Simsek, A. (2009). Ogretim tasarimi. Ankara: Nobel.

Simsek, H. ve Katitas, S. (2014). Ilkogretim ikinci kademe 6grencilerinde okula yabancilagsmanin cesitli
degiskenler agisindan incelenmesi. Ahi Evran Universitesi Kirsehir Egitim Fakiiltesi Dergisi, 15(1). 81-

99.

Sigman, M., Acat, M. B., Aypay, A. ve Karadag E. (2011). TIMSS 2007 ulusal matematik ve fen raporu. 8.
smiflar. Ankara MEB: EARGED Yayinlar.
http://yeqgitek.meb.gov.tr/dosyalar/dokumanlar/uluslararasi/timss 2007 ulusal raporu.rar adresinden
edinilmistir.

Tuncer, M. ve Yilmaz, O. (2016). Ortaokul 6grencilerinin matematik dersine yonelik tutum ve kaygilarina iliskin
goriislerinin ~ degerlendirilmesi. Kahramanmaras ~ Siit¢ii  Imam  Universitesi  Sosyal  Bilimler
Dergisi, 13(2), 47-64.

Turgut, M. F. ve Baykul, Y. (2012). Egitimde ol¢me ve degerlendirme. Ankara: Pegem Akademi.

Usta, H. G. (2014). PIS4 2003 ve PISA 2012 matematik okuryazarligi iizerine uluslararast bir karstlagtirma:
Tiirkiye ve Finlandiya (Doktora tezi, Ankara Universitesi, Egitim Bilimleri Enstitiisii, Ankara).
https://tez.yok.gov.tr/UlusalTezMerkezi adresinden edinilmistir.

Uygun, N. ve Isik Tertemiz, N. (2014). Matematik dersinde probleme dayali 6grenmenin 6grencilerin derse
ilisgkin tutum, basar1 ve kalicilik diizeylerine etkisi. Egitim ve Bilim, 39(174), 75-90.
doi: 10.15390/EB.2014.1975

Uzun, S., Biitiiner, S. O., & Yigit, N. (2010). A comparison of the results of TIMSS 1999-2007: The most
successful five countries-Turkey sample. Elementary Education Online, 9(3), 1174-1188.

Yaman, E., Eroglu, Y., Bayraktar, B. ve Colak, T. S. (2010). Ogrencilerin giidiilenme diizeyinde etkili bir faktor:
Okul zorbaligi. Uluslararasi Hakemli Sosyal Bilimler E-Dergisi, 20, 1-17.

Yavuz, H., Demirtagli, R., Yal¢imn, S., ve Hgiin Dibek, M. (2017). Tiirk 6grencilerin TIMSS 2007 ve 2011
matematik basarisinda 6grenci ve Ogretmen Ozelliklerinin etkileri. Egitim ve Bilim, 42(189), 27-47.
doi: 10.15390/EB.2017.6885

Yayan, B., & Berberoglu, G. (2004). A re-analysis of the TIMSS 1999 mathematics assessment data of the
Turkish students. Studies in Educational Evaluation, 30(1), 87-104.

Yildirim, H. H., Yildirim, S., Yetisir, M. 1. ve Ceylan, E. (2013). PISA 2012 ulusal 6n raporu. Milli Egitim
Bakanligi Yenilik ve Egitim Teknolojileri Genel Miidiirliigii, Ankara. http://pisa.meb.gov.tr/wp-
content/uploads/2013/12/pisa2012-ulusal-on-raporu.pdf adresinden edinilmistir.

Yilmaz, H. R. ve Bindak, R. (2016). Ortaokul 6grencilerinde matematik basarisinin matematik kaygisi, sinav
kaygis1 ve bazi demografik degiskenlerle iliskisinin incelenmesi. Mugla Sitki Kogman Universitesi
Egitim Fakiiltesi Dergisi, 3(2), 30-42.

Yiicel, C. ve Karadag, E. (2016). TIMSS 2015 Tiirkiye: Patinajdaki egitim. Eskisehir: Eskisehir Osmangazi
Universitesi Egitim Fakiiltesi. http://www.egitim.ogu.edu.tr/files/1Z5_TIMSS_2015.pdf adresinden
edinilmistir.

Wigfield, A., & Eccles, J. S. (1992). The development of achievement task values: A theoretical analysis.
Developmental Review, 12(3), 265-310.

Wilkins, J. L. M., & Ma, X. (2003). Modeling change in student attitude toward and beliefs about mathematics.
The Journal of Educational Research, 97(1), 52-63.

Wilson, K., & Narayan, A. (2016). Relationships among individual task self-efficacy, self-regulated learning
strategy use and academic performance in a computer-supported collaborative learning
environment. Educational Psychology, 36(2), 236-253. doi: 10.1080/01443410.2014.926312

Wood, R., & Bandura, A. (1989). Social cognitive theory of organizational management. Academy of
Management Review, 14(3), 361-384.

Zimmerman, B. J. (2002). Becoming a self-regulated learner: An owerview. Theory Into Practice, 41(2), 64-70.

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 263
Journal of Measurement and Evaluation in Education and Psychology


http://yegitek.meb.gov.tr/dosyalar/dokumanlar/uluslararasi/timss_2007_ulusal_raporu.rar
https://tez.yok.gov.tr/UlusalTezMerkezi
http://dx.doi.org/10.15390/EB.2014.1975
http://pisa.meb.gov.tr/wp-content/uploads/2013/12/pisa2012-ulusal-on-raporu.pdf
http://pisa.meb.gov.tr/wp-content/uploads/2013/12/pisa2012-ulusal-on-raporu.pdf
http://www.egitim.ogu.edu.tr/files/1Z5_TIMSS_2015.pdf

Egitimde ve Psikolojide Ol¢me ve Degerlendirme Dergisi

EXTENDED ABSTRACT
Introduction

International studies like TIMSS give valuable information to researchers not only on mathematics
and science achievement level of students but also about the relationship between student attitude,
teacher and school characteristics and achievement. TIMSS (Trends in International Mathematics and
Science Study) results over years indicated that Turkish students got scores below international
average and Turkish educational system is not producing effective outcomes. According to recent
TIMSS 2015 mathematics results, Turkish students had a ranking of 36 among 4™ graders and 24
among 8" graders. There is a need to evaluate predictors of mathematics achievement to make a plan
to increase achievement level of Turkish students. With these incentives, in the study it is aimed to
investigate the student, teacher and school factors predicting Mathematics achievement of Turkish 8th
grade students in TIMSS 2015. By determining significant and reliable factors in the prediction, the
results of the study are expected to contribute stakeholders of education. The research question of
which student, teacher and school characteristics are effective in predicting mathematics achievement
of Turkish 8" grade students guided the study.

Method

The data of the study was obtained from student and teacher questionnaires and mathematics cognitive
test scores of TIMSS 2015. In TIMSS, stratified two-stage cluster sample design was used. For the
first stage, schools were sampled with probabilities proportional to their number of students. For the
second stage, generally a classroom of a selected school was sampled (LaRoche, Joncas ve Foy, 2016).
As a result of this sample selection method, 6079 students (48% girl and 52% boy) and 220 teachers
(47% female and 53% male) attended TIMSS 2015 from Turkey. In the data analysis, multilevel
regression analysis was used in which dependent variables were plausible mathematics scores and
independent variables were student, teacher and school scale scores. Multilevel regression analysis
was conducted by MPLUS 7.4 to identify significant predictors of mathematics achievement. MPLUS
is chosen as it is capable of handling sampling characteristics of TIMSS using reported plausible
scores. The explained variances of mathematics achievement accounted by student and teacher level
variables were reported.

Results and Discussion

Descriptive statistics showed that Turkish students had less educational resources at home than
international average. Also, students in Turkey reported that they had less than average feeling of
belonging to their schools. Bullying happened rarely than average in Turkey. Additionally, students
had positive view on understanding their teachers, interested in tasks given by teachers and they think
that teachers use variety of interesting things in the classroom. Although Turkish students had higher
level of positive attitude towards mathematics, they reported that they had less self-confidence.
Teachers in Turkey reported that the emphasis given to success in schools was less than international
average. Similarly, teachers reported that schools’ order and safety level was less than average. When
problems related to school resources were evaluated, teachers reported that Turkish schools had fewer
problems. Teachers reported that they had less job satisfaction than their international colleagues.
Teachers in Turkey stated that they had more problems originated from students like lack of prior
knowledge and skills, lack of interest to courses, etc.

According to multilevel regression results, 34% percent of student-level variance was explained by
student-level variables. It was found that self-confidence level of students was the most important
predictor of mathematics achievement among student-level variables. A positive relationship was
found between self-confidence and mathematics achievement. Additionally, educational resources at
home variable was also among the important predictors of mathematics achievement. The students
who had more educational resources at home got higher mathematics scores. The other significant
variables in predicting mathematics achievement were attitude, bullying, belonging to school and
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engaging teaching in mathematics. Teacher and school factors explained 29% of variance at between
school variations. Among these variables, school emphasis on academic success and teaching limited
by student needs were two significant variables that could predict mathematics achievement of
students. Students who attended schools that give more emphasis to achievement were more successful
on mathematics. Students whose teachers reported more problems due to students got lower
mathematics score. Other variables showed no relationship with mathematics achievement.

It is important to note that self-confidence of the students and educational resources at home were two
major variables in the prediction and both of these two variables were reported to be below average in
Turkish students. These two variables were considered as key to increase student success. Especially,
among alterable variables student confidence could be enhanced by adequate educational strategies.
Similarly, emphasis given by schools was found as a significant and important predictor of
mathematics achievement which was also less than average. Schools that cooperate with parents and
their students is expected to be more successful.
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Monte Carlo Simulation Studies in Item Response Theory with
the R Programming Language

R Programlama Dili ile Madde Tepki Kuraminda Monte Carlo
Simiilasyon Calismalari

Okan BULUT* Onder SUNBUL**

Abstract

Monte Carlo simulation studies play an important role in operational and academic research in educational
measurement and psychometrics. Item response theory (IRT) is a psychometric area in which researchers and
practitioners often use Monte Carlo simulations to address various research questions. Over the past decade, R
has been one of the most widely used programming languages in Monte Carlo studies. R is a free, open-source
programming language for statistical computing and data visualization. Many user-created packages in R allow
researchers to conduct various IRT analyses (e.g., item parameter estimation, ability estimation, and differential
item functioning) and expand these analyses to comprehensive simulation scenarios where the researchers can
investigate their specific research questions. This study aims to introduce R and demonstrate the design and
implementation of Monte Carlo simulation studies using the R programming language. Three IRT-related Monte
Carlo simulation studies are presented. Each simulation study involved a Monte Carlo simulation function based
on the R programming language. The design and execution of the R commands is explained in the context of
each simulation study.

Key Words: Psychometrics, measurement, IRT, simulation, R.

Oz

Egitimde 6lgme ve psikometri alanlarinda yapilan akademik ve uygulamaya doniik arastirmalarda Monte Carlo
simiilasyon ¢aligmalari 6nemli bir rol oynamaktadir. Psikometrik ¢alismalarda arastirmacilarin Monte Carlo
simiilasyonlarina siklikla bagvurdugu temel konulardan birisi Madde Tepki Kurami’dir (MTK). Gegtigimiz son
on yilda MTK ile ilgili yapilan simiilasyon ¢aligmalarinda R'in siklikla kullanildig: gériillmektedir. R istatiksel
hesaplama ve gorsel iiretme i¢in kullanilan iicretsiz ve agik kaynak bir programlama dilidir. R kullanicilar
tarafindan iiretilen birgok paket program ile madde parametrelerini kestirme, madde yanlilik analizleri gibi
bircok MTK temelli analiz yapilabilmektedir. Bu ¢aligma, R programina dair giris niteliginde bilgiler vermek ve
R programlama dili MTK temelli Monte Carlo simiilasyon ¢aligmalarinin nasil yapilabilecegini gostermeyi
amaglamaktadir. R programlama dilini 6rneklerle agiklamak i¢in ii¢ farkli Monte Carlo simiilasyon c¢aligmasi
gosterilmektedir. Her bir ¢alismada, simiilasyon igerisindeki R komutlar1 ve fonksiyonlart MTK kapsaminda
aciklanmaktadir.

Anahtar Kelimeler: Psikometri, 6lgme, MTK, simiilasyon, R.

INTRODUCTION

Monte Carlo simulation studies are the key elements of operational and academic research in
educational measurement and psychometrics. Both academic researchers and psychometricians often
choose to simulate data instead of collecting empirical data because (a) it is impractical and costly to
collect the empirical data while manipulating several conditions (e.g., sample size, test length, and test
characteristics); (b) it is not possible to investigate the real impact of the study conditions without
knowing the true characteristics of the items and examinees (e.g., item parameters, examinee ability

* Assistant Professor, University of Alberta, Faculty of Education, Edmonton, Alberta — Canada, e-mail:bulut@ualberta.ca,
ORCID ID: orcid.org/0000-0001-5853-1267

** Assistant Professor, Mersin University, Faculty of Education, Mersin — Turkey, e-mail: ondersunbul@mersin.edu.tr,
ORCID ID: orcid.org/0000-0002-1775-1404

Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi, Cilt 8, Say1 3, Sonbahar 201, 266-287.
Journal of Measurement and Evaluation in Education and Psychology, Vol. 8, Issue 3, Autumn 2017, 266-287.

Received: 12. 04.2017
DOI: 10.21031/epod.305821 Accepted: 12. 07.2017


mailto:bulut@ualberta.ca
mailto:ondersunbul@mersin.edu.tr

Bulut, O., Siinbiil, 0. / Monte Carlo Simulation Studies in Item Response Theory with the R Programming Language

distributions); and (c) the empirical data are often incomplete, which may affect the outcomes of the
study, especially when the amount of missing data is large and the pattern of missingness is not random
(Brown, 2006; Feinberg & Rubright, 2016; Robitzsch & Rupp, 2009; Sinharay, Stern, & Russell,
2001). Furthermore, when conducting psychometric studies, it is impossible to eliminate the effects of
potential confounding variables related to examinees (e.g., gender, attitudes, and motivation) and test
items (e.g., content, linguistic complexity, and cognitive complexity). The growing number of research
articles, books, and technical reports as well as unpublished resources (e.g., conference presentations)
involving simulations also depict the importance of Monte Carlo simulations in the field of educational
measurement.

Item response theory (IRT) is one of the most popular research areas in educational measurement and
psychometrics. Both researchers and practitioners often use Monte Carlo simulation studies to
investigate a wide range of research questions in the context of IRT (Feinberg & Rubright, 2016).
Monte Carlo simulation studies are often used for evaluating how validly IRT-based methods can be
applied to empirical data sets with different kinds of measurement problems (Harwell, Stone, Hsu, &
Kirisci, 1996). To be able to conduct Monte Carlo simulation studies in IRT, there is a large number
of psychometric software packages (e.g., IRTPRO [Cai, Thissen, & du Toit, 2011], flexMIRT [Cali,
2013], BMIRT [Yao, 2003], and Mplus [Muthén & Muthén, 1998-2015]) and programming languages
(e.g., C++, Java, Python, and Fortran) available to the researchers. For some researchers, the
psychometric software packages can be more suitable when conducting simulation studies in IRT
because most of these packages often provide built-in functions to simulate and analyze the data.
However, such psychometric software packages are often not free, only capable of particular types of
IRT analyses, and generally slow when running large, computation-intensive simulations. For other
researchers, the programming languages (e.g., C++ and Java) can be more tempting due the speed and
flexibility, although these programming languages require intermediate to advanced programming
skills to design and implement Monte Carlo simulation studies. Therefore, researchers often prefer
general statistical packages — such as SAS (SAS Institute Inc., 2014), Stata (StataCorp, 2015), and R
(R Core Team, 2017), which are not only more flexible and faster than the psychometric software
packages but also require relatively less knowledge of programming. Among these statistical
packages, R has been particularly popular because it is free, flexible, and capable of various statistical
analyses and data visualizations.

Despite the increasing use of the R programming language for conducting various statistical and
psychometric analyses, many researchers are still unfamiliar with the capabilities of R for conducting
Monte Carlo simulation studies. As Hallgren (2013) pointed out, the use of simulation studies should
be available to researchers with a broad range of research expertise and technical skills. Researchers
should be familiar with how to address research questions that simulations can answer best (Feinberg
& Rubright, 2016). Given the growing demand for IRT-related research in the field of educational
measurement, this study aims to demonstrate how to use R for the design and implementation of Monte
Carlo simulation studies in IRT, specifically for individuals with minimal experience in running
simulation studies in R. The purposes of this study are threefold. First, we introduce readers the
packages and functions in R for simulating response data and analyzing the simulated data using
various IRT models. Second, we summarize the principles of Monte Carlo simulations and recommend
some guidelines for conducting Monte Carlo simulation studies. Third, we illustrate the logic and
procedures involved in conducting IRT-related Monte Carlo simulation studies in R with three
examples — including the R codes for simulating item response data, analyzing the simulated data, and
summarizing the analysis results. The examples will target three different uses of Monte Carlo
simulation studies in IRT, including item parameter recovery, evaluating the accuracy of a method for
detecting differential item functioning (DIF), and investigating the unidimensionality assumption.
Each simulation study uses different criteria to evaluate the simulation results (e.g., accuracy, power,
and Type | error rate). For the sake of simplicity and conciseness, the readers of this study are assumed
knowledgeable about (1) the basics of the R programming language and (2) the fundamentals of IRT.
The readers who are not familiar with the Monte Carlo simulation studies in IRT are referred to
Harwell et al. (1996) and Feinberg and Rubright (2016) for a comprehensive review. In addition, the
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readers are referred to the R user manuals (https://cran.r-project.org/doc/manuals/) for a detailed
introduction to the R programming language.

Some Functions to Simulate Data in R

One of the greatest advantages of R is the ability to generate variables and data sets using various
probability distributions (e.g., standard normal (Gaussian) distribution, uniform distribution, and the
Bernoulli distribution). This section will provide a brief summary of the probability distributions in R
that are commonly used when simulating data for the IRT simulation studies. The names of the
functions for generating data in R typically begin with “d” (density function), “p” (cumulative
probability function), “q” (quantile function), or “r”” (random sample function). The latter part of the
function represents the type of the distribution. For example, the rnorm function generates random
data with a normal distribution, while the runif function generates random data with a uniform
distribution. The common distributions for continuous and categorical data include exp for the
exponential distribution, norm for the normal distribution, uni f for the uniform distribution, binom
for the binomial distribution, beta for the beta distribution, 1norm for the log-normal distribution,
logis for the logistic distribution, and geom for the geometric distribution.

When generating random samples using the R functions mentioned above, the randomization of the
generated values is systematically controlled based on the random number generator (RNG). The RNG
algorithm assigns a particular integer to each random sample. In the R programming language, the
integer associated with random samples is called “seed”. The user can select a particular seed when
generating a random sample and then use the same seed again whenever the same random sample
needs to be obtained. The set . seed function can be used for selecting a particular seed in R (e.g.,
set.seed (1111), where 1111 is the seed). The set . seed function plays an important role in
simulations studies because it allows the researcher to create a reproducible simulation.

R Packages for Estimating IRT Models

R has many user-created psychometric packages that allow researchers and practitioners to conduct
statistical analysis using psychometric models and methods. The CRAN website has a directory of the
R packages categorized by topic, which is called “Task View”. One of these task views, the
Psychometric Task View, is specifically dedicated to psychometric methods (see https://cran.r-
project.org/web/views/Psychometrics.html), such as IRT, classical test theory, factor analysis, and
structural equation modeling. A lot of the packages in the Psychometrics Task View focus on the
estimation of IRT models, such as unidimensional and multidimensional IRT models, nonparametric
IRT modeling, differential item functioning, and computerized adaptive testing (see Unlii and
Yanagida [2011] for a review of the CRAN Psychometrics Task View). Rusch, Mair, and Hatzinger
(2013) also provided a detailed summary of the R packages for conducting IRT analysis. The primary
R packages for estimating item parameters and person abilities in IRT include mirt (Chalmers, 2012),
eRm (Mair, Hatzinger, & Maier, 2016), irtoys (Partchev, 2016), and Itm (Rizopoulos, 2006). There
are also specific packages for a particular IRT analysis — such as lordif (Choi, Gibbons, & Crane, 2016)
and difR (Magis, Beland, Tuerlinckx, & De Boeck, 2010) for differential item functioning; catR
(Magis & Raiche, 2012) and mirtCAT (Chalmers, 2016) for computerize adaptive testing; and equate
(Albano, 2016) for test equating. In addition to these packages, we encourage the readers to browse
through the Psychometric Task View for other types of IRT methods available in R.

Guidelines for Conducting Monte Carlo Simulation Studies

Monte Carlo simulation studies can be used for investigating a wide range of research questions, such
as evaluating the accuracy of existing statistical models under unfavorable conditions (e.g., small
sample and non-normality), answering a novel statistical question, or understanding the empirical
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distribution of a particular statistic through bootstrapping (Feinberg & Rubright, 2016; Hallgren, 2013;
Harwell et al., 1996). A Monte Carlo simulation study typically consists of the following steps:

1. The researcher determines a set of simulation factors expected to influence the operation of a
particular statistical procedure. The simulation factors can be either fully crossed or partially
crossed. If the simulation factors are fully crossed, then a data set needs to be generated for
every possible combination of the simulation factors. If, however, they are partially crossed,
only some simulation factors are assumed to be interacting with each other.

2. A series of assumptions are made about the nature of data to be generated (e.g., types of
variables and probability distributions underlying the selected variables). These assumptions
are crucial to the authenticity of the simulation study because the quality of the simulation
outcomes depends on the extent to which the selected assumptions are realistic.

3. Multiple data sets are generated based on the simulation factors and the assumptions about the
nature of the data. The process of generating multiple data sets is often called replication.
Monte Carlo simulation studies often involve multiple replications (a) to acquire the sampling
distribution of parameter estimates, (b) to reduce the chance of obtaining implausible results
from a single data set, and (c) to have the option to resample the true parameters based on the
assumption made in Step 2.

4. Statistical analyses are performed on the simulated data sets and the parameter estimates of
interest from these analyses are recorded. The parameter estimates can be p-values,
coefficients, or a particular element of the statistical model.

5. Finally, the estimated parameters are evaluated based on a criterion or a set of criteria — such
as Type | error, power (or hit rate), correlation, bias, and root mean squared error (RMSE).
The researcher can report the findings of the simulation study in different ways (e.g., a
narrative format, tables, or graphics). The researcher should determine how the simulation
results will be communicated to the target audience based on the size of the simulation study
(i.e., the number of simulation factors), the complexity of the simulation design (e.g., several
fully-crossed simulation factors or a simpler design with one or two factors), and the type of
the reporting outlet (e.g., technical reports, journal articles, or presentations).

It should be noted that the five steps summarized above could be slightly different for each simulation
study, depending on the research questions that need to be addressed.

Principles of Monte Carlo Simulation Studies

Apart from the guidelines summarized above, there are also three principles that the researchers need
to consider when designing and conducting a Monte Carlo simulation study. These principles are
authenticity, feasibility, and reproducibility.

The authenticity of a Monte Carlo simulation study refers to the degree to which the simulation study
reflects the real conditions. For example, assume that a researcher wants to investigate the impact of
test length on ability estimates obtained from a particular IRT model. The researcher selects 30, 60,
90, and 300 items as the hypothesized values for the test length factor. Because a 300-item test is quite
unlikely to occur in real life, the researcher should probably consider eliminating this option from the
simulation study. The authenticity of a Monte Carlo simulation study is also related to the necessity of
the simulation factors. Continuing with the same example, the researcher might consider sample size
as a potential factor for the simulation study on the recovery of ability estimates; but sample size is
known to have no effect on the estimation of ability (or latent trait) when item parameters are already
known (e.g., Bulut, 2013; Bulut, Davison, & Rodriguez, 2017). Therefore, the researcher would not
need to include sample size as a simulation factor in the study.

The feasibility of a Monte Carlo study refers to the balance between the goals of the simulation study
and the scope of the simulation study. The combination of many simulation factors and a high number
of replications may often lead to a highly complex simulation study that is hard to complete and
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summarize within a reasonable period. Therefore, the researcher should determine which simulation
factors are essential and how many replications can be accomplished based on the scope of the
simulation study. For example, assume that a researcher plans to use test length (10, 20, 40, or 60
items), sample size (100, 250, 500, or 1000 examinees), ability distribution (normal, positively
skewed, or negatively skewed), and inter-dimensional correlation (r = .2, r = .5, or r = .7) as the
simulation factors. If the simulation factors were fully crossed, then there would be 4 x4 x 3x 3 =144
cells in the simulation design. If the researcher conducted 10,000 replications for each cell, the entire
simulation process would result in 1,440,000 unique data sets that need to be analyzed and
summarized. Depending on the complexity of the statistical analysis, this simulation study might take
several weeks (or possibly months) to complete, even with the parallel computing feature available in
R and other statistical software programs.

The reproducibility of a Monte Carlo simulation study refers to the likelihood that the researcher who
conducted the simulation study can replicate the same findings at a later time, or that other researchers
who have access to the simulation parameters can replicate (or at least approximate) the findings. To
ensure reproducibility, the researcher should specify the seed before generating data and store a record
of the selected seeds in the simulation study. The researcher can either use the seeds to replicate the
findings later on or give them to other researchers interested in replicating their findings (Feinberg &
Rubright, 2016). However, it should be noted that even using the same seeds might not guarantee that
identical simulation results will be obtained because the mechanism of the random number generator
can differ from one computer to another, or across the different versions of the same software program.

METHOD

The following sections of this study will demonstrate three Monte Carlo simulation studies about item
parameter recovery, differential item functioning, dimensionality in IRT-based assessment forms.
Each study focuses on a set of research questions in the context of IRT and aims to address the research
guestions through a Monte Carlo simulation study. Each study consists of three steps: data generation,
statistical analysis, and summarizing the simulation results. The implementation of these steps will be
demonstrated using R. The readers are strongly encouraged to run the examples in their own computers
by copying and pasting the provided R codes into the R console. It should be noted that most R
packages are regularly updated by their creators and/or maintainers, and thus the R functions presented
in this study are subject to change in the future. Therefore, we recommend the readers to check out the
R packages used in this study before using the Monte Carlo simulation functions. For this study, we
use the latest version of Microsoft R Open (version 3.4.0). The readers are strongly encouraged to use
this particular version of Microsoft R Open to ensure the reproducibility of the Monte Carlo studies
presented in the following sections.

Simulation Study 1: Item Parameter Recovery in IRT

In this study, we aim to investigate to what extent the accuracy of estimated item parameters in the
unidimensional three-parameter logistic (3PL) IRT model depends on the number of examinees who
respond to the items (sample size) and the number of items (test length). In addition, we want to find
out which item parameter (item difficulty, item discrimination, and guessing) is the most robust against
changes in sample size and test length. To address these research questions, we design a small-scale
Monte Carlo simulation study in which sample size and test length are the two simulation factors. The
simulation study will be based on a fully crossed design with three sample sizes (500, 1000, or 2000
examinees) and three test lengths (10, 20, or 40 items), resulting in 3 x 3 = 9 cells in total. For each
cell, 100 replications will be conducted with unique item parameters and person abilities in each
replication. For the evaluation of the recovery of true item parameters, we use bias and RMSE:

K o
Ziea(Xi = X,) ,and 1)

Bias =
ias X
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where K is the total test length, X; is the estimated item parameter for itemi (i=1, 2, ..., K), and X; is
the true item parameter for item i. The average bias and RMSE values over 100 replications will be
reported for each of the nine simulation cells.

Data generation
The item response data will be simulated using the 3PL model. The mathematical formulation of the
3PL model can be shown as follows:

eDai(e—bi)

1+ eDa(®-b)’

PL(G) = + (1 - Ci) (3)

where P;(0) is the probability of an examinee with the ability of 6 responding to item i correctly, b; is
the item difficulty parameter for item i, a; is the item discrimination parameter for item i, c; is the
lower asymptote (also known as the pseudo-guessing parameter), e is the base of the natural logarithm
approximated at 2.178, and D is a constant of 1.7 to transform the logistic IRT scale into the normal
ogive scale (Camilli, 1994; Crocker & Algina, 1986).

Following the suggestions from previous studies regarding data simulation for the 3PL model (e.g.,
Harwell & Baker, 1991; Feinberg & Rubright, 2016; Mislevy & Stocking, 1989; Mooney, 1997), the
item difficulty parameters are drawn from a normal distribution, b~N (0, 1); the item discrimination
parameters are drawn from a log-normal distribution, a~InN(0.3,0.2); and the lower asymptote
parameters are drawn from a beta distribution, c~Beta(20,90). Furthermore, the ability parameters
are drawn from a standard normal distribution, 6~N (0, 1). For simulating dichotomous item responses
and estimating the item parameters based on the 3PL model, we will use the mi rt package (Chalmers,
2012) in R. To install and activate the mi rt package, the following commands should be first run:

install.packages("mirt")
library("mirt")

Then, we define a simulation function called i temrecovery, which generates item parameters,
simulates dichotomous item response data using the generated item parameters, estimates the item
parameters of the 3PL model for the simulated data, and finally computes bias and RMSE values for
each set of estimated item parameters:

itemrecovery <- function(nitem, sample.size, seed) {

#Set the seed and generate the parameters

set.seed(seed)

a <- as.matrix(round(rlnorm(nitem, meanlog = 0.3, sdlog = 0.2),3), ncol=1)
b <- as.matrix(round(rnorm(nitem, mean = @, sd = 1),3), ncol=1)

c <- as.matrix(round(rbeta(nitem, shapel = 20, shape2 = 90),3), ncol=1)
ability <- as.matrix(round(rnorm(sample.size, mean = @, sd = 1),3), ncol=1)

#Simulate response data and estimate item parameters

dat <- simdata(a = a, d = b, N = sample.size, itemtype = ‘'dich’,
guess = ¢, Theta = ability)

model3PL <- mirt(data=dat, 1, itemtype='3PL', SE=TRUE, verbose=FALSE)

#Extract estimated item parameters and compute bias and RMSE
parameters <- as.data.frame(coef(model3PL, simplify=TRUE)$items)
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bias.a <- round(mean(parameters[,1]-a), 3)
bias.b <- round(mean(parameters[,2]-b), 3)
bias.c <- round(mean(parameters[,3]-c), 3)
rmse.a <- round(sqrt(mean((parameters[,1]-a)"2)), 3)
rmse.b <- round(sqrt(mean((parameters[,2]-b)"2)), 3)
rmse.c <- round(sqrt(mean((parameters[,3]-c)*2)), 3)

#Combine the results in a single data set

result <- data.frame(sample.size=sample.size, nitem=nitem,
bias.a=bias.a, bias.b=bias.b, bias.c=bias.c,
rmse.a=rmse.a, rmse.b=rmse.b, rmse.c=rmse.c)

return(result)

}

In the itemrecovery function, there are three input values that need to be specified by the
researcher: nitem as the number of items (i.e., test length), sample.size as the number of
examinees (i.e., sample size), and seed as the seed for the random number generator. The
itemrecovery function begins with setting the seed for the random values that are going to be
generated, which will ensure reproducibility of the simulated data. Next, the item parameters are
randomly generated based on the distribution characteristics explained earlier using the rlnorm,
rnorm, and rbeta functions. Each set of the generated parameters (called a, b, and ¢) is saved as a
matrix with a single column. The simdata function from the mi rt package simulates dichotomous
item responses according to the 3PL model using the generated item parameters. More details about
the simdata function can be obtained by running the ?simdata command in the R console. Then,
we estimate item parameters using the mi rt function, extract the estimated item parameters from the
model using the coef function, and save the parameters in a data frame called parameters. More
details about the estimation process in the mirt function can be obtained by running the ?mirt
command in the R console. At the end of the function, we compute the bias and RMSE values for each
item parameter, save the values into a data set called result, and return the result data set as the
outcome of the simulation. To enable the i temrecovery function, we can either copy and paste the
entire function into the R console and hit the “enter” button, or select all the entire function in the R
script file, right-click on the selected lines, and choose ‘“Run line or selection” to execute the
commands in the R console.

The next step is to conduct the simulation study using the itemrecovery function. First, we
randomly generate 100 integers to be used as the random seeds in the study. We sample random
integers ranging from 0 to 1,000,000 using the sample. int function and store the generated values
in a data set called myseed. We export the seeds into a text file called "simulation
seeds.txt". This file will be saved in the current working directory designated by the user. To save
the document in a specific folder, a complete folder path should be provided, such as
“C:/Users/username/Desktop/simulation seeds.txt”. Note that when defining a
folder path, forward slash (/) should be used instead of a backslash (\). Next, we define an empty data
set (i.e., result) that will store the simulation results out of 100 replications. The final step of the
simulation study is to run the simulation within a loop and save the results into the result data set.
for (i in 1:length (myseed)) { } createsa loop toruna procedure 100 times (i.e., the same
length of myseed). In this study, we want to run the itemrecovery function 100 times using a
different seed from myseed for each replication. Once all the iterations are complete, the result
data set will consist of one hundred rows (one row per iteration). At the end, we use the colMeans
function to find the average bias and RMSE values across 100 replications. Because we use the
round (colMeans (result), 3), all of the values will be rounded off to three decimal digits.

#Generate 100 random integers
myseed <- sample.int(n = 1000000, size = 100)
write.csv(myseed, "simulation seeds.txt", row.names = FALSE)
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#Define an empty data frame to store the simulation results
result <- data.frame(sample.size=0, nitem=0, bias.a=0, bias.b=0, bias.c=0,
rmse.a=0, rmse.b=0, rmse.c=0)

#Run the Loop and return the results across 100 iterations
for (i in 1:length(myseed)) {
result[i,] <- itemrecovery(nitem = 20, sample.size = 1000, seed = myseed[i])

}

round(colMeans(result), 3)

For each of the nine cells planned for this simulation study, we set the nitem and sample.size
values accordingly and re-run the R script presented above. When the simulations for all of the cells
are complete (i.e., the R script has been run nine times in total), we report the results shown in Table
1. The simulation results show that the lower asymptote (i.e., guessing) parameter had the smallest
bias and RMSE, whereas the item discrimination parameter indicated the largest bias and RMSE. As
sample size and test length increased, bias and RMSE decreased for all of the item parameters.

Table 1. Simulation Results from the Item Parameter Recovery Study
Sample Size Test Length Biasa Biasb Biasc RMSEa RMSEb RMSEc

500 10 0.375 -0.250 -0.004  0.988 0.931 0.160
20 0.189 -0.139 -0.003  0.603 0.658 0.144
40 0.140 -0.109 -0.001  0.480 0.555 0.132
1000 10 0.140 -0.091 -0.012  0.515 0.589 0.134
20 0.076 -0.046 -0.004  0.357 0.428 0.122
40 0.070 -0.063 0.001 0.299 0.384 0.109
2000 10 0.068 -0.033 -0.010  0.310 0.376 0.112
20 0.043 -0.031 -0.006 0.241 0.302 0.092
40 0.031 -0.020 -0.004  0.197 0.264 0.085

In addition to Table 1, we can also present the simulation results graphically using the lattice
package (Sarkar, 2008) in R. First, we manually enter the simulation results in Table 1 into an empty
Excel spreadsheet using a long format and save the spreadsheet with a .csv extension using the “Save
As” option under the “File” menu. The saved file is called “simulation results.csv”. Figure 1 shows a
screenshot of the “simulation.csv” file.

A B C D E

SampleSize TestLength Parameter Bias  RMSE
2 500 10 a 0.275 0.988
3 500 20 a 0.183  0.603
e 300 40 a 0.14 0.48
5 1000 10 a 0.14 0.515
6 1000 20 a 0.076 0.357
7 1000 40 a 0.07 0.299
8 2000 10 a 0.063 0.31
9 2000 20 a 0.043 0.241
10 2000 40 a 0.031 0.197

Figure 1. A Screenshot of the First Nine Rows of the “simulation results.csv” File
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After we read the data set “simulation results.csv” in R, we define the two variables (SampleSize
and TestLength) as categorical variables by using the as. factor function. Next, we install the
lattice package and then activate it using the 1ibrary command. Finally, we use the xyplot
function in the lattice package (Sarkar, 2008) to create an interaction plot. This plot will
demonstrate the relationship between bias, RMSE, sample size, and test length for each item
parameter. In the xyplot function, we first select the variable for the y axis (either bias or RMSE)
and the variable for the x axis (test length), the variable that defines multiple panels (sample size), and
the group variable (parameters). In addition, x1ab defines the label for the x axis, type = "a"
indicates an interaction plot, the elements in auto . key define the position of the legend, whether or
not data points should be shown, whether or not lines should be shown, and the number of columns
for the legend, and the elements in par.settings defines the colours (1ty) and thickness (1wd)
of the lines in the plot. The details of the xyplot function can be obtained by running the ?xyplot
command in the R console. Figures 2 and 3 show the interaction plots for bias and RMSE, respectively.

#Reading in "parameter recovery.csv"

result <- read.csv("parameter recovery.csv", header = TRUE)
result$SampleSize <- as.factor(result$SampleSize)
result$TestLength <- as.factor(result$TestLength)

#Create 1interaction plots using the lattice package

install.packages("lattice")

library("lattice")

xyplot(Bias ~ TestLength | SampleSize,result,group=Parameter,xlab="Test Length",
type = "a",auto.key=1list(corner=c(1,0.9),points=FALSE,lines=TRUE,columns=1),
par.settings=simpleTheme(lty=1:3,1lwd=2))

xyplot (RMSE ~ TestLength | SampleSize,result,group=Parameter,xlab="Test Length",
type = "a",auto.key=1list(corner=c(1,0.9),points=FALSE,lines=TRUE,columns=1),
par.settings = simpleTheme(lty=1:3,1lwd=2))
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Figure 2. The Interaction Plot for Bias, Test Length, and Sample Size

Summary

This simulation study investigated the effects of sample size and test length on the recovery of item
parameters from the 3PL model. To demonstrate how to evaluate the accuracy of estimated item
parameters in R, this study included two simulation factors (test length and sample size) with 100
replications. The results suggested that both test length and sample size are negatively associated with
the accuracy of item discrimination and item difficulty parameters. As sample size and test length
increased, both bias and RMSE decreased. Unlike item discrimination and item difficulty parameters,
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the lower asymptote (guessing) parameter was slightly affected by the simulation factors. Future
studies can focus on item parameter recovery by expanding the simulation factors of the current study
(e.g., smaller or larger sample sizes), using different IRT models, such as Graded Response Model
(Samejima, 1969), adding other simulation factors (e.g., ability distribution, extreme guessing
parameters for the 3PL model, and non-simple structure in multidimensionality).
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Figure 3. The Interaction Plot for RMSE, Test Length, and Sample Size

Simulation Study 2: Detecting Differential Item Functioning in Multidimensional IRT

The second simulation study aims to investigate the detection of differential item functioning (DIF) in
the context of multidimensional IRT models. In educational testing, DIF occurs when the probability
of responding to a dichotomous item correctly varies between focal and reference groups (e.g., male
and female students), after controlling for examinees’ ability levels. If the item is polytomous, then
the probabilities of obtaining no credit, a partial credit (e.g., 1 point in a two-point item), or a full credit
(e.g., 2 points in a two-point item) are expected to differ between the focal and reference groups, after
controlling for examinees’ ability levels. There are two types of DIF in test items: uniform and
nonuniform DIF. If the focal group consistently underperforms or outperforms the reference group,
then the item is flagged for having uniform DIF. If, however, the direction of bias changes between
the focal and reference groups along the ability continuum, the item is flagged for having nonuniform
DIF (Lee, Bulut, & Suh, 2016).

There are many methods in the literature to detect uniform and nonuniform DIF in the context of
unidimensional IRT models. These methods include the Mantel-Haenszel method (Mantel &
Haenszel, 1959), simultaneous item bias test (SIBTEST; Shealy & Stout, 1993), Raju's differential
functioning of items and tests (DFIT; Raju, van der Linden, & Fleer, 1995); and the multiple indicators
multiple causes (MIMIC) model (Finch, 2005; Woods & Grimm, 2011). However, when the definition
of DIF is extended to a multidimensional assessment that simultaneously measures two or more
abilities, there are only a few DIF methods in the literature, such as multidimensional MIMIC-
interaction model (Lee etal., 2016), IRT likelihood ratio test (Suh & Cho, 2014), and multidimensional
SIBTEST (MULTISIB; Stout, Li, Nandakumar, & Bolt, 1997).

In this Monte Carlo simulation study, we use the IRT likelihood ratio test described by Suh and Cho
(2014) for detecting uniform and nonuniform DIF in the context of multidimensional Graded Response
Model (MGRM). The mathematical formulation of MGRM for a polytomous item with K +
1 response categories on an M-dimensional test becomes:

1
P;.(0) = , 4
1 (6) 1 + el~DXH=12im(@m—bi)] @
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where P}, (0) is the probability of selecting the response option k (k = 1,...,K) in item i for an
examinee with the ability vector of @ = [8, ..., 8),], bi is the boundary parameter of the k™ category
of item i, a;,, is the item discrimination parameter for item i on dimensionm (m =1, ..., M), and D is
a constant of 1.7 to transform the logistic IRT scale into the normal ogive scale.

In this study, we assume a two-dimensional test with a simple structure. The test consists of 30 items,
where the first set of 15 items is loaded on the first dimension and the second set of 15 items is loaded
on the second dimension. To simulate polytomous item responses, we use item characteristics similar
to those from Jiang, Wang, and Weiss’s (2016) recent study on MGRM. Item discrimination
parameters are randomly drawn from a uniform distribution, a~U(1.1,2.8); the first category
boundary parameter is randomly drawn from a uniform distribution, b; ~U(0.67, 2) and the other two
category boundary parameters are created by subtracting a value randomly drawn from a uniform
distribution, b, = b; —U(0.67,1.34) and b3 = b, — U(0.67,1.34). In addition, the ability
parameters are drawn from a multivariate normal distribution, 8~MV N (0, ) where is X the variance-
covariance matrix of the abilities.

Three simulation factors are manipulated in this study: sample size, DIF magnitude, and inter-
dimensional correlation. Sample size is manipulated for the reference (R) and focal (F) groups as
R1000/F200, R1500/F500, and R1000/F1000. DIF magnitude is manipulated as 0, 0.3, or 0.6 logit
difference for uniform and nonuniform DIF. DIF magnitude is added to the category boundary
parameters for uniform DIF and to the item discrimination parameters for nonuniform DIF. We assume
that the focal group is at a disadvantage due to uniform or nonuniform DIF. Inter-dimensional
correlation refers to the correlation between the two ability dimensions. Inter-dimensional correlation
is manipulated as p=0, p=.3, or p=.5. Based on the value of the inter-dimensional correlation, the off-
diagonal elements of the variance-covariance matrix (X) are replaced with p, while the diagonal
elements remain as “1”.

For simulating polytomous item responses, estimating the item parameters based on MGRM, and
running the IRT likelihood ratio tests, we will use the MASS package (Venables & Ripley, 2002) and
the mirt package (Chalmers, 2012) in R (R Core Team, 2017). In addition, we will use the
doParallel package (Revolution Analytics & Weston, 2015) to benefit from the parallel computing
to further speed up the estimation process. To install and then activate these packages, the following
commands should be first run in the R console:

install.packages("doParallel")
library("doParallel™)
library("mirt")
library("MASS")

Next, we define a function called detectDIF, which generates item parameters and simulates
polytomous item responses based on MGRM, estimates the item parameters using the simulated data,
runs IRT likelihood ratio tests to detect uniform and nonuniform DIF on a particular set of items, and
computes the true positive rates (i.e., power) and false positive rates (i.e., Type | error) as the
evaluation criteria.

The detectDIF function requires four input values: sample. size defines the size of reference and
focal groups (e.g., sample.size = c (1000, 200) for the reference group of 1000 examinees and
the focal group of 200 examinees); DIF. size defines the magnitude of uniform DIF and nonuniform
DIF (e.g., DIF.size = ¢ (0.3, 0) for 0.3 difference in the category threshold parameters as uniform
DIF and DIF.size = < (0, 0.3) for 0.3 difference in the discrimination parameters as nonuniform
DIF); cor specifies the correlation between the two ability dimensions (e.g., cor = 0.5 for a
correlation of 0.5 between the two abilities); and seed is the user-defined seed for the data generation
process. Based on the selected input values, the function generates a 30-item, polytomously-scored
test in which items 1, 7, 15, 16, 23, and 30 are tested for uniform and nonuniform DIF. These items
are particularly selected because they represent a combination of low-, medium-, and high-difficulty
as well as low-, medium-, and high-discrimination parameters.
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The IRT likelihood ratio test examines the likelihood difference between two nested IRT models based
on a chi-square test with degrees of freedom equal to the difference between the numbers of estimated
item parameters between the two IRT models (see Suh and Cho [2014] for more details on this
procedure). To investigate uniform DIF with the IRT likelihood ratio test, we first estimate mod0 that
assumes that all items except for items 1, 7, 15, 16, 23, 30 are invariant between the focal and reference
group. Next, we estimate mod1 that constrains the category boundary parameters b1, b2, and b3 to be
equal between the focal and reference group for each of the six DIF items and tests whether there is a
significant change in the model likelihood due to the equality constraints. Significant likelihood
changes from mod0 to mod1 indicate that the items being tested exhibit uniform DIF. Nonuniform
DIF is examined by comparing mod0 against modl and mod2, which constrain the item
discrimination parameters al and a2 to be equal between the focal and reference groups, respectively.
Significant likelihood changes between these models indicate that the items being tested exhibit
nonuniform DIF.

The detectDIF function returns a data frame in which the aforementioned six items and the p-values
from the IRT likelihood ratio test for each item are listed. When one of the input values for DIF.size
is larger than zero, the function returns the p-values for detecting DIF correctly (i.e., power) for the
six items listed above. If, however, DIF.size = c(0, 0), then the function returns the p-values for
detecting DIF falsely (i.e., Type I error) for the items. In this study, we assume that DIF occurs either
in the category boundary parameters or in the item discrimination parameters. Therefore, one of the
values in DIF. size will always be zero when running the analysis for power.

detectDIF <- function(sample.size, DIF.size, cor, seed) {

require("mirt")
require("MASS")
set.seed(seed)

#Define multidimensional abilities for reference and focal groups
theta.ref <- mvrnorm(n = sample.size[1], rep(@, 2), matrix(c(1,cor,cor,1),2,2))
theta.foc <- mvrnorm(n = sample.size[2], rep(@, 2), matrix(c(1,cor,cor,1),2,2))

#Generate item parameters for reference and focal groups
al <- c(runif(n = 15, min = 1.1, max = 2.8), rep(9,15))
a2 <- c(rep(0,15), runif(n = 15, min = 1.1, max = 2.8))
a.ref <- as.matrix(cbind(al, a2), ncol = 2)

bl <- runif(n = 30, min = 0.67, max = 2)

b2 <- bl - runif(n = 30, min = 0.67, max = 1.34)

b3 <- b2 - runif(n = 30, min = 0.67, max = 1.34)

b.ref <- as.matrix(cbind(b1, b2, b3), ncol = 3)

#Uniform and nonuniform DIF for items 1, 7, 15, 16, 23, and 30
b.foc <- b.ref

b.foc[c(1,7,15,16,23,30),] <- b.foc[c(1,7,15,16,23,30), ]+DIF.size[1]
a.foc <- a.ref

a.foc[c(1,7,15),1] <- a.foc[c(1,7,15),1]+DIF.size[2]
a.foc[c(16,23,30),2] <- a.foc[c(16,23,30),2]+DIF.size[2]

#Generate item responses according to MGRM
ref <- simdata(a = a.ref, d = b.ref, itemtype 'graded', Theta = theta.ref)
foc <- simdata(a = a.foc, d = b.foc, itemtype = 'graded', Theta = theta.foc)
dat <- rbind(ref, foc)
#Define the group variable (©=reference; 1l=focal) and test DIF using mirt
group <- c(rep("0", sample.size[1]), rep("1", sample.size[2]))
itemnames <- colnames(dat)
model <- 'f1 = 1-15

f2 = 16-30

COV = F1*F2'
model.mgrm <- mirt.model(model)
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#Test uniform DIF
if(DIF.size[1]>0 & DIF.size[2]==0) {
mod® <- multipleGroup(data = dat, model = model.mgrm, group = group,
invariance = c(itemnames[-c(1,7,15,16,23,30)],
'free_means', 'free_var'), verbose = FALSE)
modl <- DIF(mod®, c('dl','d2",'d3"), items2test = c(1,7,15,16,23,30))

result <- data.frame(items=c(1,7,15,16,23,30),
DIF=c(mod1[[1]][2,8], mod1[[2]][2,8], mod1[[3]][2,8],
mod1[[4]][2,8], mod1[[5]][2,8], mod1[[6]][2,8]))
} else

#Test nonuniform DIF
if(DIF.size[1]==0 & DIF.size[2]>0) {
mod® <- multipleGroup(data = dat, model = model.mgrm, group = group,
invariance = c(itemnames[-c(1,7,15,16,23,30)],
'free_means', 'free_var'), verbose = FALSE)
modl <- DIF(mod@, c('al'), items2test = c(1,7,15))
mod2 <- DIF(mod@, c('a2'), items2test c(16,23,30))
result <- data.frame(items=c(1,7,15,16,23,30),
DIF=c(mod1[[1]][2,8], mod1[[2]][2,8], mod1[[3]][2,8],
mod2[[1]][2,8], mod2[[2]][2,8], mod2[[3]][2,8]))

} else

#Test type I error
if(DIF.size[1]==0 & DIF.size[2]==0) {
mod® <- multipleGroup(data = dat, model = model.mgrm, group = group,
invariance = c(itemnames[-c(1,7,15,16,23,30)],
'free_means', 'free_var'), verbose = FALSE)
mod1l <- DIF(mod®, c('al','dl','d2','d3"), items2test = c(1,7,15))
mod2 <- DIF(mod®, c('a2','dl','d2','d3"), items2test = c(16,23,30))
result <- data.frame(items=c(1,7,15,16,23,30),
DIF=c(mod1[[1]][2,8], mod1[[2]][2,8], mod1[[3]][2,8],
mod2[[1]][2,8], mod2[[2]][2,8], mod2[[3]][2,8]))

return(result)

}

For this study, we use 30 replications, as in Jiang et al.’s (2016) simulation study with MGRM. Despite
using only 30 replications, this simulation study is more complex compared to the first simulation
study presented earlier because in addition to estimating item parameters from a two-dimensional
MGRM, we conduct a series of IRT likelihood ratio tests to examine uniform and nonuniform DIF
across six items (items 1, 7, 15, 16, 23, and 30). To increase the speed of the entire simulation process,
we use the doParallel package. First, we generate a set of 30 random seeds ranging from 0 to
10000 and save the generated seeds in a data set called “myseed”. Next, using a computer with a
multi-core processor, we allocate multiple cores for our simulation study. To check the number of
processors in a computer, the researcher can first run detectCores (). To assign a particular
number of cores, registerDoParallel () should be used. For example, to allocate 8 cores for
the simulation study, registerDoParallel (8) should be used. Once this command is executed,
the simulation process can be completed using 8 cores rather than a single core, which is the default
setting in R. Although it is possible to use all available cores in a computer, this could be problematic
because using all available cores would slow down the operation of the computer significantly,
especially when performing other tasks to in addition the simulation study. The parallel computing is
particularly useful when an iterative computing process — such as a simulation study — is implemented.
Because the current simulation study requires 30 replications, estimating multiple replications
simultaneously is expected to reduce the duration of simulation significantly (e.g., with 8 cores, it
would be theoretically 8 times faster than a regular estimation with a single core).

myseed <- sample.int(n=10000, size = 30)
detectCores()
registerDoParallel(8)
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Once the parallel computing process is set up, the final step of this simulation study is to run the
simulation study by changing the input values in the detectDIF function. The foreach function
from the doParallel package is used for creating a loop of 30 replications. After each replication,
the results will be combined in a single data set called result. We use the i felse function to create
a binary variable for the items in the result data set that have a p-value less than .05 (i.e., significant
DIF based on the IRT likelihood ratio test). The mean function will return the proportion of the items
that have indicated significant DIF (i.e., average power or Type | error depending on the condition).
The following R commands demonstrate an example for running a particular combination of the
simulation factors. For each replication, a random seed from myseed is selected. Then, the
detectDIF function is executed using sample sizes of 1000 and 200 for the reference and focal
groups, the DIF magnitude of 0.3 for uniform DIF, and a correlation of p=.3 between the two ability
dimensions. After 30 replications are complete, the average proportion of significant IRT likelihood
ratio tests across six items is reported with two decimal points (using the round function).

result <- foreach (i = 1:30, .combine=rbind) %dopar% {
detectDIF(sample.size=c(1000, 200), DIF.size=c(0.3, @), cor=0.3, seed=myseed[i])
}

round(mean(ifelse(result$DIF < ©.05, 1, 0)),2)

Table 2. Power and Type | Error Rates for Detecting DIF in MGRM

s le Si Correlati Power for Uniform DIF Power for Nonuniform DIF T |E
ample Size orrelation 03 06 03 06 ype | Error
R1000/F200 0 .23 .80 21 51 .09
3 .28 .84 .23 46 .07
5 31 .82 22 49 .06
R1500/F500 0 .53 1 .39 .83 .07
3 .56 .98 40 .82 .04
5 .55 .98 44 .81 .04
R1000/F1000 0 .60 .98 44 .66 .06
3 .56 .98 .37 .68 .03
5 .64 97 43 73 .06

Table 2 shows a summary of the findings across all simulation factors. The results show that sample
size and DIF magnitude are positively associated with the power of the IRT likelihood ratio test when
detecting uniform and nonuniform DIF in MGRM. As sample size and DIF magnitude increased,
power rates of the IRT likelihood ratio for detecting both uniform and nonuniform DIF test also
increased. Unlike sample size and DIF magnitude, the effect of inter-dimensional correlation does not
seem to be consistent regarding power rates. When DIF magnitude is large (i.e., 0.6), the correlation
between the two dimensions has no effect on power rates for uniform DIF. However, the correlation
between the dimensions affects power rates slightly for nonuniform DIF. Overall, the IRT likelihood
ratio test appears to detect uniform DIF more precisely than nonuniform DIF. Type | error rates appear
to be reasonable, although small sample size condition (R1000/F200) seems to have higher Type |
error rates than the other two sample size conditions. As for the power rates, the effect of inter-
dimensional correlation is not consistent regarding Type | error rates. The results in Table 2 can also
be summarized with a scatterplot to demonstrate the relationships between the simulation factors more
visually (see the graphical example in Simulation Study 1 for more details.).

Summary

This simulation study investigated the effects of sample size, DIF magnitude, and inter-dimensional
correlation in detecting uniform and nonuniform DIF for a multidimensional polytomous IRT model
(i.e., MGRM). Power rates in detecting DIF correctly and Type | error rates in detecting DIF falsely
are used as the evaluation criteria. For the demonstration purposes, we only used 30 replications but
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the number of replications could be easily increased with the help of parallel computing. This would
result in more reliable simulation results. Future studies can expand the simulation factors of the
current study to have a more comprehensive analysis. For example, different values for DIF
magnitude, sample size, and inter-dimensional correlations can be used. Furthermore, new simulation
factors can be included. For example, three or higher dimensional structures can be used to see the
impact of the number of dimensions, which would also allow examining the impact of varying inter-
dimensional correlations. In addition, instead of a simple structure, a complex test structure with items
associated with multiple dimensions can be assumed.

Simulation Study 3: Investigating Unidimensionality

The third simulation study aims to investigate test dimensionality. Unidimensionality is essential for
the test theories like as Classical Test Theory or Item Response Theory. Therefore, the investigation
of test dimensionality is very important. The unidimensionality assumption requires that there is a
single latent trait underlying a set of test items. As Hambleton, Swaminathan, and Rogers (1991)
pointed out, the unidimensionality assumption may not hold for most measurement instruments in
education, psychology, and other social sciences due to complex cognitive and non-cognitive factors,
such as motivation, anxiety, and ability to work quickly. Therefore, we can expect that at least one
minor extra factor confounds unidimensionality. However, finding a major component or a factor
underlying the data is adequate to meet the unidimensionality assumption.

Monte Carlo studies can be very convenient for investigating the factors affecting unidimensionality
under various conditions. In the following Monte Carlo study, we aim to examine the impact of sample
size, the number of items associated with a secondary (nuisance) dimension, and inter-dimensional
correlations on the detection of unidimensionality. Two-dimensional response data with a simple
structure are generated. While most items are assumed to be associated with the first ability dimension,
the number of items (10, 20, or 30 items) associated with a secondary dimension is manipulated as a
simulation factor. Second, the correlation between the two ability dimensions (p=.3, p=.6, or p=.9) is
manipulated. As the third simulation factor, sample size (500, 1000, or 3000 examinees) is modified
because sample size is considered an important factor for the accuracy of dimensionality analyses. The
three simulation factors are fully crossed, resulting in 3 x 3 x 3 = 27 cells in total. One hundred
replications are conducted for each cell.

A multidimensional two-parameter logistic IRT model (M2PL) is used for data generation. The M2PL
model can be written as follows:

exp(2%=1 aimem + di)

P.(0) = ,
O = (T, apn O + )

(5)

where P;(0) is the probability of responding to item i correctly for an examinee with the ability vector
of @ = [64, ..., 0y], a;n is the discrimination parameter of item i related to ability dimension m (m =
1, 2, ..., M), and d; is the difficulty parameter of item i. In this study, the item discrimination
parameters are randomly drawn from a uniform distribution, a~U(1.1,2.8), the item difficulty
parameters are randomly drawn from a uniform distribution, d~U(0.67,2.00), and the ability values
are obtained from a multivariate normal distribution, 6~MVN(0,X) where is X the variance-
covariance matrix of the abilities. Each generated data set is analyzed with NOHARM explanatory
factor analysis (McDonald, 1997), which is an effective method for finding the number of underlying
dimensions in item response data (Finch & Habing, 2005). NOHARM is implemented with one factor
restriction using the sirt package (Robitzsch, 2017). The average root mean square error of
approximation (RMSEA) is used as the evaluation criterion. RMSEA values smaller than .05 are
usually considered a close fit, whereas RMSEA values equal or greater than .10 are considered a poor
fit (Browne & Cudeck, 1993; Hu & Bentler, 1999).

For this study, we define a function called detectDIM, which draws item difficulty and item
discrimination parameters according the distributions explained earlier, simulates two-dimensional
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response data with a simple structure based on the M2PL model, fits an exploratory factor model with
a one-factor restriction (i.e., unidimensional model) to the simulated data, and extracts the RMSEA
value as the evaluation criterion. Before using the detectDIM function, the following packages must
be installed and activated:

install.packages("sirt")
library("sirt")
library("mirt")
library("MASS")

The detectDIM function requires five input values: sample. size for the number of examinees,
testLengthl for the number of items with a non-zero loading on the first ability dimension,
testLength?2 for the number of items with a non-zero loading on the second ability dimension,
cor for the correlation between the two ability dimensions, and seed for setting the random number
generator. The detectDIM function is shown below:

detectDIM <- function(sample.size, testlLengthl, testlLength2, cor, seed) {

require("mirt")
require("MASS")
require("sirt")
set.seed(seed)

# Generate 1item discrimination and difficulty parameters

al <- c(runif(n = testLengthl, min = 1.1, max = 2.8), rep(@, testLength2))
a2 <- c(rep(@, testLengthl), runif(n = testLength2, min = 1.1, max = 2.8))
disc.matrix <- as.matrix(cbind(al, a2), ncol = 2)

difficulty <- runif(n = (testLengthl + testLength2), min = 0.67, max = 2)

# Specify inter-dimensional correlations
sigma <- matrix(c(1, cor, cor, 1), 2, 2)

# Simulate data

dataset <- simdata(disc.matrix, difficulty, sample.size, itemtype = ‘'dich’,
sigma = sigma)

# Analyze the simulated data by fitting a unidimensional model

noharmOneFactorSolution <- noharm.sirt(dat = dataset , dimensions = 1)

# Summarize the results

result <- data.frame(sample.size = sample.size , testlLengthl = testlLengthil,
testlLength2 = testlLength2, cor = cor,
RMSEA = noharmOneFactorSolution$rmsea)

return(result)

}

To start the simulation study, we first generate 100 random seeds ranging from 0 to 1,000,000 and
save the seeds into a file called “simulation seeds.csv”’. The numbers stored in this file will be useful
if we want to replicate the findings of this study in the future. Next, we create an empty data frame
called “results.csv”” and save this file into the current directory. This is a comma-separated-values file,
which can be opened with any text editor or Microsoft Excel. This file will store all average RMSEA
values across the 27 simulation cells. For each cell, 100 replications will be temporarily stored in a
data set called “result” and the average RMSEA values from this data set will be stored in the
results.csv file. Unlike in the first two simulation studies presented earlier, the input values in this
simulation study are entered into nested loops so that these input values do not have to be modified
manually. For example, for (ss in 1:length (sample.size)) createsa loop with three sample
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size values (see sample.size <- c (500, 1000, 3000)). These values will be used iteratively in
the detectDIM function via sample.size = sample.size[ss]. In addition to the loop for
sample size, there are three other loops for test length for the second dimension, correlations between
the ability dimensions, and the replications based on the random seeds, respectively. The simulation
process will stop automatically after 100 replications are completed for each of the 27 cells, and it will
write the average RMSEA values into the results.csv file.

myseed <- sample.int(n = 1000000, size = 100)
write.csv(myseed, "simulation seeds.csv", row.names = FALSE)
write.table(matrix(c("Sample Size", "Test Length 1", "Test Length 2",
"Correlation", "Mean RMSEA"), 1, 5), "results.csv", sep = ",",
col.names = FALSE, row.names = FALSE)
# Create an empty data frame to save the results
result <- data.frame(sample.size = @, testlLengthl = @, testLength2 = @,
cor = @, RMSEA = @)

# Run all the input values through Loops
sample.size <- c(500, 1000, 3000)
test.length2 <- c(10, 20, 30)
correlation <- c¢(0.3, 0.6, 0.9)
for (ss in 1l:length(sample.size)) {
for (tl in 1:1length(test.length2)) {
for (k in 1:length(correlation)) {
for (i in 1:length(myseed)) {
result[i, ] <-detectDIM(sample.size = sample.size[ss],testLengthl = 30,
testlLength2 = test.length2[tl], cor = correlation[k],
seed = myseed[i])
}
meanRMSEAs <- round(colMeans(result), 3)
write.table(matrix(meanRMSEAs, 1, 5), "results.csv", sep =
col.names = FALSE, row.names = FALSE, append

) 3
TRUE)

}
}
}

After all of the iterations (27 cells x 100 replications = 2700 iterations in total) are completed, we read
“results.csv” and call the data set “summary” in R. Then, we use the summary data set to create a
graphical summary of the findings through the dotplot function in the lattice package. To
consider the simulation values as labels in the graph, we use the factor function, which saves a
numerical variable as a character variable. In addition, we use the paste0 function to make the labels
more clear. For example, instead of using 500, 1000, and 3000 as the labels, we combine these values
with the text “Sample Size=", and create the following labels: Sample Size=500, Sample Size=1000,
and Sample Size=3000. With the 1evels option, it is possible to set the order of the created labels,
which changes in which order the labels will appear in the graph. The dotplot function creates a
scatterplot of the correlation between the dimensions and average RMSEA values. The vertical line
“|” between Mean .RMSEA and Sample.Size*Test.Length.2 allows us to create a separate
scatterplot for each sample size and test length 2 combination.

# Read in the summary results 1in
summary <- read.csv("results.csv", header = TRUE)
summary$Sample.Size <- factor(paste@("Sample Size=",summary$Sample.Size),
levels = c("Sample Size=500", "Sample Size=1000",
"Sample Size=3000"))
summary$Test.Length.2 <- factor(paste@("Test Length 2=",summary$Test.Length.2))
summary$Correlation <- factor(summary$Correlation)

library(lattice)
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dotplot(Correlation ~ Mean.RMSEA | Sample.Size*Test.Length.2 , data = summary,
pch=c(2), cex=1.5, xlab = "Average RMSEA", aspect=0.5, layout = c(3,3),
ylab="Correlation", xlim=c(0,0.3))

Figure 4 shows the results of the Monte Carlo simulation study across the three simulation factors. The
results indicate that test length and inter-dimensional correlations can influence the dimensional
structure of item response data. When the two ability dimensions are highly correlated (i.e., p=.9),
average RMSEA values are less than 0.05, suggesting a close fit for the one-factor model. However,
as the correlation between the ability dimensions decreases and the number of items associated with
the secondary dimension increases, RMSEA values become substantially larger, suggesting a poor fit
for the one-factor model. Unlike the test length and correlation factors, sample size does not appear to
affect the magnitude of RMSEA. In Figure 4, as the sample size increases from 500 (first column from
the left) to 3000 (last column from the left), the average RMSEA values remain nearly the same,
holding the other two simulation factors constant.
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Figure 4. Average RMSEA Values across the Three Simulation Factors

Summary

This simulation study investigated the impact of a secondary dimension on the detection of
unidimensionality. The simulation study involved three simulation factors: the number of items related
to the secondary dimension, the correlation between the ability dimensions, and sample size. The
M2PL model was used as the underlying model for data generation. A one-factor model was fit to each
simulated data set using the noharm. sirt function in the sirt package and the RMSEA values
were extracted as the evaluation criterion. Future studies can expand the scope of the current study.
For example, different values for test length (e.g., fewer or more items) and inter-dimensional
correlations (e.g., p=0) can be used. In addition, new simulation factors can be included to investigate
different research questions. For example, the number of secondary (nuisance) dimensions can be
influential on the detection of unidimensionality. This would also enable the use of varying
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correlations between dimensions since there would be more values to modify in the variance-
covariance matrix of the abilities. Finally, instead of a simple test structure, secondary dimensions can
be used for generating a complex test structure where most items are dominantly loaded on the first
dimension but the items also share some variance with the secondary dimensions.

DISCUSSION and CONCLUSION

Academic researchers and practitioners often use Monte Carlo simulation studies for investigating a
wide range of research questions related to IRT. During the last decade, R has become one of the most
popular software programs for designing and implementing Monte Carlo simulation studies in IRT.
The R programming language allows researchers to simulate various types of data, analyze the
generated data based on a particular model or method of interest, and summarize the results statistically
and graphically. Given the growing popularity of R among researchers and practitioners, this study
provided a brief introduction to the R programming language and demonstrated the use of R for
conducting Monte Carlo studies in IRT. Each simulation study presented in this study focuses on a
different aspect of IRT, involves a variety of simulation factors, and uses various criteria to evaluate
the outcomes of the simulations. We recommend the readers either to conduct the same Monte Carlo
simulation studies or to design their own simulation studies by following the R codes provided in this
study. In addition, the readers who are interested in the nuts and bolts of the R programming language
are encouraged to check out many R resources available on the internet (e.g., https://journal.r-
project.org/ and http://www.statmethods.net/).
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UZUN OZET

Girig

Son yillarda egitimde 6lgme ve psikometri alanlarindaki calismalar incelendiginde Monte Carlo
simiilasyon ¢alismalarinin oldukca biiyiik yer tuttugu goriilmektedir. Bu ¢aligmalar, 6zellikle teoriye
yonelik olan psikometrik ¢alismalar i¢in vazgegilmez bir rol iistlenmis konumdadir. Bunun baslica
nedenleri Monte Carlo simiilasyon ¢aligmalarinin saglamis oldugu avantajlardan kaynaklanmaktadir.
Bu avantajlar; simiilasyon kosullarin1 degisimleyecek sekilde gorgiil veri toplamanin uygulamada
miimkiin olmamasi veya maliyetinin yiiksek olmasi, madde ve/veya birey parametrelerinin gercek
degerlerinin gorgiil veri kapsaminda tam olarak bilinememesinden kaynakli olusan sikintilar, gorgiil
verinin kayip verilerin yarattig1 sorunlar, gorgiil verilerde karistirici degiskenlerden arinik bir ortam
saglanamamasindan kaynakli olarak neden-sonug iliskilerinin kurulmasinda yasanan zorluklar olarak
sirlanabilir. Son yillarda yasanan bir diger gelisme ise R programi ve programlama dilinde olusan
gelismelerdir. Ucretsiz ve acik kaynak kodlu olan R, basta istatistik olmak iizere, bircok alanda yaygin
olarak kullanilmaya baglanmigtir. Psikometride R’in yaygin olarak kullanilmaya baslandig: alanlar
arasinda yer almaktadir. R’in bel kemigini olusturan CRAN web sayfasinda yer alan dizinlerden biri
olan “Task View”, R’da yer alan paketlerin konulara gore kategorize edildigi bir alt alandir. Bu dizinde
yer alan Psychometrics baglantis1 agildiginda, psikometriye yonelik olarak birgok ¢alismanin yapilmig
oldugu goriilebilir. Bu ¢aligmalar kapsaminda madde tepki kuramina (MTK) dair yer alan kestirimlere
yonelik baglica paketlerin, mirt (Chalmers, 2012), eRm (Mair, Hatzinger, & Maier, 2016), irtoys
(Partchev, 2016), and Itm (Rizopoulos, 2006) oldugu sdylenebilir. Bunun yaninda bazi 6zellestirilmis
MTK paketlerinden de s6z etmek miimkiindiir: Degisen madde fonksiyonu i¢in lordif (Choi, Gibbons,
& Crane, 2016) ve difR (Magis, Beland, Tuerlinckx, & De Boeck, 2010); bilgisayar ortaminda bireye
uyarlanmisg testler i¢in catR (Magis & Raiche, 2012) ve mirtCAT (Chalmers, 2016); test esitleme igin
equate (Albano, 2016) ve MTK igin bir¢ok agidan destekleyici ve baglanti kurucu nitelikte olan sirt
(Robitzsch, 2017) bu paketler arasinda gosterilebilir. R programlama dili kullanarak, R’da
psikometriye yonelik paketler kullanarak birgok IRT tabanli Monte Carlo ¢aligmasi yiiriitiilmiistiir ve
hala da yiiriitiilmektedir. Bu ¢aligmanin amaci IRT’ye dayali veri iiretimi ve incelemesini i¢eren
simiilasyon ¢aligmalarinin R’da nasil yapilmasi1 gerektigine dair bilgilendirme saglamak ve 6rnekler
tizerinden elde edilmis olan bulgular paylagmaktir.

Yontem

Bu c¢aligma kapsaminda ii¢ adet Monte Carlo simiilasyon ¢aligmasi yiiriitiilmiistiir. Bu ¢aligmalardan
birincisi parametre yeniden elde edimine yonelik olup, ikincisi degisen madde fonksiyonuna ydnelik
bir ¢alismadir. Uglincii calisma ise ¢esitli faktor yapilarindaki tek boyutlulugun incelenmesi tizerinedir.

Birinci simiilasyon ¢alismasinda; tek boyutlu 3 parametreli lojistik modele dayali olarak veri tiretimi
yapilmis ve bu iiretimlerden elde edilen madde parametrelerinin orijinal madde parametrelerine olan
benzesikligi incelemistir. Incelemeler yanlilik ve RMSE kapsaminda gerceklestirilmistir. Calisma
kapsaminda 6rneklem biiytikligii (500, 1000, 2000) olacak sekilde ve test uzunlugu (10, 20, 40)
olacak sekilde degisimlenmistir. Simiilasyon ¢ergevesinde b parametresi standart normal dagilimdan,
b~N(0, 1); ayirt edicilik parametresi olan a parametresi, log-normal dagilimdan, a~InN(0.3,0.2);
ve diisiik asimptot parametresi olan ¢ beta dagilimindan, c~Beta(20,90) elde edilmistir.

Ikinci simiilasyon ¢alismasinda; tek bicimli ve tek bicimli olmayan degisen madde fonksiyonu iceren
¢oklu puanlanan maddeler barindiran veri iiretimi gerceklestirilmistir. Uretim ¢ok boyutlu asamali
tepki modeline dayal1 olarak 30 madde igin yapilmustir. ilk 15 madde birinci faktore ait olup ikinci 15
madde ise ikinci faktore ait olacak sekilde basit yap1 formatinda tiretim yapilmistir. Tek big¢imli
degisen madde fonksiyonu i¢in odak ve referans gruplarinin verilerinin esik degerleri
farklilastirilmistir. Tek diizeyli olmayan degisen madde fonksiyonu verisi iiretirken ise belirtilen
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gruplarin madde ayirt edicilik degerleri de farklilastirilmistir. Simiilasyon kriteri olarak; 6rneklem
biiyiikliigii (R1000/0200, R1500/0500 ve R1000/F1000), Degisen madde fonksiyonu logit biiyiikliigii
(0, 0.3, 0.6). Olabilirlik testi kullanilarak gii¢ ve birinci tip hata incelemesi gerceklestirilmistir.

Ugiincii simiilasyon calismasinda ise ¢ok boyutlu MTK’ya dayali olarak 2 boyutlu, basit yapi
formatinda, iki kategorik maddelerden olusan iiretim gerceklestirilmistir. ilk boyutta yer alan madde
sayist sabit tutulmakla beraber ikinci boyutta yer alan maddelerin sayis1 (10, 20, 30) olacak sekilde
degisimlenmistir. Diger simiilasyon kriterleri ise 6rneklem biiytikligi (500,1000, 3000) ve boyutlar
arasindaki korelasyondur (0.3, 0.6, 0.9). Simiilasyon i¢in kullanilan a ve d parametreleri uniform
dagilimdan elde edilirken a~U(1.1,2.8), d~U(0.67,2.00) , ortikk 6zelliklere iliskin yetenek
dagilimlar1 tanimlanan korelasyonalar bagli olarak, ortalamalar1 0 olan ¢ok degiskenli normal
dagilimdan O~MVN(0,Z) elde edilmistir. Uretilmis olan veriler sirt (Robitzsch, 2017) paketi
kullanilarak analiz edilmistir. Verilere, tek faktor sinirlandirmasi altinda agimlayict NOHARM faktor
analizi uygulanmistir. Yapilmis olan ¢oziimlemelerden elde edilen RMSEA degerleri boyutluluk
degerlendirmesi i¢in kullanilmustir.

Sonuclar ve Tartisma

Birinci simiilasyon c¢alismasi sonucunda, madde ayirt edicilik parametreleri ve madde giicliik
parametrelerinin kestirim uygunlugunun, test uzunlugu ve o6rneklem biiyiikligi ile negatif yonde
baglant1 gosterdigi gozlenmistir. Bagka bir deyisle test uzunlugu ve 6rneklem biiytikligi arttikca elde
edilen yanlilik ve RMSE degerleri diismiistiir. Buna ek olarak diisiik asimptot parametresi olan c
parametresinin kestirim uygunlugu simiilasyon kriterlerinden oldukca az etkilenmistir.

Ikinci simiilasyon calismasinin sonucunda, drneklem biiyiikliigiiniin ve degisen madde fonksiyonu
biiyiikliigliniin, olabilirlik testi sonuglarinin giiciiyle pozitif yonde iliski gosterdigi sdylenebilir. Bagka
bir deyisle drneklem biiyiikliigii ve degisen madde fonksiyonu biiyiikliigii arttik¢a olabilirlik testinin
de giicii artmaktadir. Boyutlar arasi korelasyon ve giic arasinda tutarli bir iliskilendirme
saglanamamigtir. Caligmadan elde edilen diger bir sonug ise tek bi¢cimli olan degisen madde
fonksiyonu i¢in olan sonuglarin gii¢ agisindan daha yiiksek olmasidir. 1. Tip Hata sonuglari i¢in, genel
olarak kabul edilebilir sinirlar etrafinda oldugu, gorece daha diisiikk 6rneklem biiytikliiklerinde hata
oranin arttig1, boyutlar arasi korelasyona dayali incelemelerin gii¢ calismasindakine benzer bir sekilde
tutarli bir sonug vermedigi sOylenebilir.

Ugiincii simiilasyon galismasindan elde edilen sonuglar incelendiginde, ikinci boyutta yer alan madde
sayisinin ve boyutlar arasindaki korelasyonun verinin boyutluluk yapisini etkiledigi goriilmiistiir.
Boyutlar arasindaki korelasyon arttikca, veri icin yapilan tek boyutlu ¢oziimlemenin daha uygun
oldugu goriilmiistiir. Bunula beraber boyutlular arasindaki korelasyon azaldiginda ve ikinci boyuttaki
madde sayisi arttiginda verinin tek boyutluluktan uzaklastigi gézlemlenmistir. Son olarak drneklem
bliyilikliigliniin, boyutlulugu diger faktorler kadar etkilemedigi goriilmiistiir.
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Creating Parallel Forms to Support On-Demand Testing for
Undergraduate Students in Psychology
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Abstract

On-demand testing requires that multiple forms of an exam should be administered to students in each testing
session. However, the use of multiple forms raises test security concern because of item exposure. One way to
limit exposure is using parallel forms construction. Parallel forms are different versions of a test that measure
the same content areas and have the same difficulty level but contain different sets of items. The purpose of
this study is to describe and demonstrate how parallel forms can be created from a small item bank using the
selected-response item type. We present three unique yet plausible test assembly problems. We also provide a
solution for each problem using the results from a free, open-source, software add-in for Microsoft Excel
called the Opensolver. Implications for test design and item development are discussed.

Key Words: Test development, automated test assembly, fairness in testing

INTRODUCTION

The principles and practices that guide the design and development of educational tests are
undergoing dramatic changes. One of the major catalysts for this change stems from the application
of technology in assessment that is best exemplified with the rapid development and application of
computer-based testing (CBT) (Drasgow, 2016; Drasgow, Luecht, & Bennett, 2006; Luecht, 2016;
Sireci & Zenisky, 2016). A computer-based test is an exam that contains digitally-formatted items
that are delivered with a computer. The test administration can be conducted using a computer
network or over the Internet. Computer-based tests may contain traditional selected-response (e.g.,
multiple choice) and constructed-response (e.g., short answer, essays) item types. They may also
contain new “innovative” item types—such as drag-and-drop, reordering, and multiple select—that
are only made possible with a computer administration because they require technology-based
features such as interactivity or multimedia (Sireci & Zenisky, 2016). In short, CBT is dramatically
changing educational assessment because the use of expanded item types combined with the growing
popularity of digital media and the explosion in Internet use is creating the foundation for a new type
of testing system. As a result, many educational tests that were once given in a paper format are now
administered by computer as either computer-based or computer adaptive exams. Many common
and well-known exams can be cited as examples including ACT Aspire, the Graduate Management
Achievement Test, the Graduate Record Exam, the Test of English as a Foreign Language, the
American Institute of Certified Public Accountants Uniform CPA examination, the Medical Council
of Canada Qualifying Exam Part I, the National Council Licensure Examination for Registered
Nurses, and the Canadian Practical Nurse Registration Examination.

Benefits and Challenges Related to Computer-Based Testing

CBT is growing in popularity not just with large-scale testing companies but also with individual
instructors who recognize that paper-based testing is an exceedingly time- and resource-intensive
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process. The printing, scoring, and reporting of paper-based tests require tremendous efforts,
expenses, and human interventions. Moreover, as the demand for testing continues to escalate, the
cost of developing, administering, and scoring paper-based tests will also continue to increase. One
solution that curtails some of these costs is to adopt a CBT system. By administering tests on
computers, instructors are liberated from performing the costly and time-consuming administration
processes associated with disseminating, scanning, and scoring paper-based tests.

CBT offers many benefits to students and instructors compared to more traditional paper-based
testing. Computers permit testing on-demand thereby allowing students to take the exam using a
flexible test administration schedule. This benefit means that students can take exams at different
locations due to the flexibility of networked computer and Internet access. It also means that
instructors can administer tests outside of their scheduled lecture times so that no classes are lost due
to a required test administration. Selected-response item types like multiple-choice are scored
immediately by the computer. As a result, instructors are not required to manually grade the exams
or send the exams to an external facility for optical scoring. If permitted by the instructor, students
can even be provided with feedback on their performance immediately upon the completion of the
exam because all exams are scored by the computer (Daniels & Gierl, in press). Computer-based
tests can be accessed with different types of devices ranging from mobile technologies such as
tablets to standalone desktop computers typically found in computer labs or testing centres.
Computers also support the development of “innovative” item types that allows teachers to measure
more complex performances as well as a broader variety of knowledge and skills using diverse
interactive item formats.

Despite these important benefits, two major challenges may prevent instructors initially from
attempting to implement CBT. First, instructors may feel that their item bank is too small. A bank is
a repository of test items. It contains information about content areas measured by each item as well
as statistical information (e.g., difficulty level) about the performance of each item. The items in this
repository are used to create forms. On-demanding testing requires that multiple versions or forms
of the exam are administered to students in each testing session. Students are then randomly
assigned one of the forms. Second, instructors may be concerned that on-demand CBT compromises
the security of the exam by allowing students to see the items. These exposed items, in turn, could
be disclosed to other students who take a different form or take the exam at a different time. One
way to effectively mitigate this concern is to create parallel test forms. Parallel forms are different
versions of the test that measure the same content areas and have the same difficulty level but
contain a different set of test items (van der Linden, 1998, 2006). The purpose of our study is to
describe and demonstrate how instructors can create and implement parallel forms construction using
selected-response item types like multiple-choice items. Parallel test forms are considered to be
secure exams because each form contains a different set of items thereby minimizing item exposure
and maintaining test security so the test administration is fair and equitable for all students®.
Because parallel forms measure the same content areas and produce tests with the same difficulty
levels, instructors can compare students’ test results because the scores across the forms are deemed
to be equivalent. We begin by providing a description of the construction process using the selected-
response item type. Then, we present software that can used to easily implement the construction
process using a small bank of test items.

Test Form Assembly

Producing parallel forms that yield both reliable and valid test scores is complicated because a
complex combinatorial problem must be solved. Using a manual test assembly approach, the
instructor would first identify the content areas measured by the test, use either the statistical item
analysis results from previously administered test items or attempt to predict the expected difficulty

1To further enhance security, the order of the items on the parallel forms can also be randomized so students who write the
same form receive the same items, but in a different order.
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level of the items, and, finally, create multiple forms that each contain items that measure the same
content areas and displayed the same item difficulty values. Specifying an item that measures the
same content area and displays the same difficulty level from a pool of possible items is a form of
constraint programming. As tests increase in specificity with the inclusion of a larger number of
content areas and as the number of items increases producing a broader range of item difficulty
levels, more constraints are required to produce parallel forms. In addition, multiple content
specifications may be required to create truly parallel forms including the use of constraints for
variables such as test length, item format, item exposure, date of creation, and source of item. The
use of these additional content specifications makes the test assembly process a daunting and,
potentially, impossible one to solve using a manual process because items must be selected to meet a
statistical requirement while also satisfying two or more content specifications.

Fortunately, efficient computer-based procedures for automated test assembly (ATA) have been
developed (see van der Linden, 1998, 2005). Using the optimization algorithms found in a range of
readily available software, instructors can quickly solve complex test assembly problems in order to
produce parallel test forms, even with relatively small item banks. To date, however, the widespread
use of ATA techniques, particularly among university instructors, has been limited. This limitation
may be attributed to the instructors lack of knowledge about ATA or it may be attributed to their lack
of confidence for implementing the ATA process. The purpose of our study is to address these
limitations by describing and illustrating how ATA methods can be used by instructors in
psychology to create parallel test forms.

Overview of Automated Test Assembly

ATA requires the optimization of a test attribute (e.g., overall mean test score) using a unique
combination of items so that a feasible solution (e.g., item combinations that meet the content
specifications) is produced. The problem of selecting items to meet predefined test specifications
can be approached using computerized combinatorial optimization methods (Breithaupt & Hare,
2016, Luecht, 1998; van der Linden, 1998, 2005). Optimization requires the specification of a
mathematical model to describe the combinatorial problem. One approach for articulating these
models is to specify a system of linear equations that defines the decision variables, an objective
function, and the constraints. The system of linear equations contains both integer and string
variables. Integers (i.e., discrete variables) are used to describe item attributes such as content area,
test length, and item format. Strings (i.e., continuous variables) are used to describe statistical
attributes such as mean test score. Once a model is defined, mixed-integer linear programming
methods are used to iteratively assess every possible solution relative to the target until the optimal
or best combination is identified.

Program Description with Example

Instructors can solve test assembly problems using optimization algorithms found in specialized
software such as IBM ILOG CPLEX, LINGO 16.0, or Premium Solver Pro. In our study, the
Opensolver (https://opensolver.org/) add-in was used because it is a freely available, open-source
tool than can be run within Microsoft Excel to solve mixed integer optimization problems.
Opensolver was created and is supported by Andrew Mason and lain Dunning in the Department of
Engineering Science at the University of Auckland.

Two steps are required to assemble parallel forms using Opensolver. The first step is to describe the
test assembly problem as a mathematical model in an Excel spreadsheet. The second step is to
specify and solve the test assembly model in the Solver Model interface. To begin, we provide a
simple test assembly problem with simulated data from the selected-response item type to illustrate
how an ATA problem is defined and specified using the Opensolver. In problem 1, two parallel
forms containing 35 selected-response items were assembled from a hypothetical item bank
containing 100 items. The bank contained the content code and the difficulty level for each item.
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Every time an instructor administers a multiple-choice exam, statistics can be computed for each
item including the difficulty level. The difficulty level is computed as the proportion of students who
answered the item correctly. It ranges from 0.00 to 1.00. Both forms in problem 1 were assembled
to meet the same content and statistical specifications. Five content areas were measured on each
test. Each form of the exam required 35 items from five different content areas—210 items from
content area A, eight items from area B, four items from area C, six items from area D, and seven
items from area E. The two forms were also required to be statistically parallel meaning that the
items on each form must produce the same mean test score. The requirements for this test assembly
problem are summarized in Table 1. Manually selecting two sets of 35 mutually exclusive items
from a bank of 100 items that produce the same mean test score across the same five content areas is
not a simple task. As an alternative, OpenSolver can be used to solve this test assemble problem
very quickly.

Table 1. Summary of Content and Statistical Requirements for Problem 1
Content Area Number of Items in Bank  Difficulty Mean (SD)  Number of Items Per Form

A 20 0.70 (0.15) 10
B 20 0.65 (0.11) 8
c 20 0.65 (0.15) 4
D 20 0.74 (0.17) 6
E 20 0.72 (0.23) 7
Total 100 0.69 (0.16) 35

Step 1: Setting up the mathematical model in Excel

To begin, the content and statistical data for each item in the bank must be specified in an Excel
spreadsheet, as shown in the item bank table in Figure 1 (this figure displays 33 of the 100 items).
The bank contains the item number, content area, and difficulty level for each item. For example,
Cell B3, C3 and D3 indicate item 1 belongs to content A and it has a difficulty level of 0.85 (very
easy item). Next, the decision variables (which includes the form difficulty and item overlap tables),
the content constraints, and the objective function of the ATA problem must be specified. The
decision variables table is used to specify the ATA model for the problem. These cells represent the
item decision variable matrix (i.e., item-by-test form). The cells contain the values that the solver
algorithm begins with and then updates in order to search for an optimal solution. In our example,
the cells are constrained to be binary so that a 1 means that an item was selected for the required
form and a 0 means it was not selected. The starting values for these cells are 0, which means that
the items were not selected. In step 2 where we specify and solve the test assembly model (shown in
next section), these values will change thereby describing the solution for the ATA problem (i.e.,
Figure 1 and 3 are used together to describe the initial state and the final solution to our problem).
For example, Cell F3=0 means that item 1 was not selected for form 1. Cell G4=0 means that item 2
was not selected for form 2. The form difficulty and item overlap tables are defined using the same
logic. The starting point for form difficulty is that the difficulty level of each item begins with the
value of 0.00. We also define item overlap. In problem 1, we do not want any overlap among the
items across the two forms (i.e., the forms will each contain unique mutually exclusive items from
the bank). We define item overlap by specifying the starting point for the constraint to be 1 (column
M) and the form to be 0 (column N).
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A B c D £ £ G H 1 J K L M N 0 [2 Q R s
1 item Decision Form Overlap Content
2 | Bank [ item# Jcontent area[item difficulty ] variables| form1 | form 2 | pifficulty[ dif*form 1] dif*form 2] constraints[ item# constraints  forms | ¢ i contentarea | constraints | form1 [ form 2
3 \ 1 A 0.85 0 0 0.00 0.00 1 1 0 A w | o o
a 2 A 0.84 \ 0 0 ‘ 0.00 0.00 \ 2 1 0 ‘ B 8 0 0
5 3 A 0.85 0 0 0.00 0.00 3 1 0 c 4 0 0
5 4 A 0.84 0 0 0.00 0.00 4 1 0 D 5 0 0
7 5 A 0.57 0 0 0.00 0.00 s 1 0 E 7 0 0
3 3 A 0.61 0 0 0.00 0.00 6 1 0
9 7 A 043 0 0 0.00 0.00 7 1 0
10 8 A 057 0 0 0.00 0.00 1 0 Objective
1 9 A 0.61 0 0 0.00 0.00 9 1 0 Function form1 form 2
12 10 A 0.82 0 0 0.00 0.00 10 1 0 Mean Test Scores|  0.00 0.00
13 1 A 0.85 0 0 0.00 0.00 1 1 0 Target 0.00
14 12 A 0.84 0 0 0.00 0.00 12 1 0
15 13 A 0.85 0 0 0.00 0.00 13 1 0
16 14 A 0.84 0 0 0.00 0.00 14 1 0
17 15 A 0.57 0 0 0.00 0.00 15 1 0
18 16 A 0.61 0 0 0.00 0.00 16 1 0
15 17 A 0.82 0 0 0.00 0.00 17 1 0
20 18 A 0.61 0 0 0.00 0.00 18 1 0
2 13 A 043 0 0 0.00 0.00 19 1 0
2 20 A 057 0 0 0.00 0.00 20 1 0
23 2 B 0.62 0 0 0.00 0.00 21 1 0
2 2 B 057 0 0 0.00 0.00 2 1 0
25 2 B 0.70 0 0 0.00 0.00 2 1 0
26 24 B 062 0 0 0.00 0.00 24 1 0
27 > B 0.83 0 0 0.00 0.00 25 1 0
28 2% B 0.60 0 0 0.00 0.00 26 1 0
29 27 B 0.86 0 0 0.00 0.00 27 1 0
30 2 B 053 0 0 0.00 0.00 28 1 0
31 29 B 0.62 0 0 0.00 0.00 29 1 0
32 30 B 057 0 0 0.00 0.00 0 1 0
33 31 B 0.62 0 0 0.00 0.00 31 1 0
34 32 B 057 0 0 0.00 0.00 32 1 0
35 33 B 0.70 0 0 0.00 0.00 33 1 0

Figure 1. Model Specified for the ATA Problem in Problem 1.

Next, the content constraints table is used to define the content on the parallel forms. The number of
items measuring each content category on each test is calculated in the columns (R, S). These cells
are defined so they equal the sum of the decision variables assigned to items under each specific
category. For instance, cell R3 is equal to sum of F(3:22) because these decision variables are for
items measuring content A, which are items 1 to 20 in the bank. The values of the cells in these
columns (R, S) must be equal to the values in column Q, as specified in the content constraints table.

Finally, the objective function table is defined. This function specifies the statistical requirement for
our problem. In order to make the two forms have the same mean test score, the objective function
was formulated to minimize the absolute difference between the mean score on the two forms.
Hence the difference between the forms is presented as P13 = 0.00, meaning the forms should have
the same mean test score. The mean test score for each form is calculated in Cells Q12 and R12
based on the objective function table which, in turn, is calculated based on the product of the
decision variables and form difficulty in columns I and J.

Step 2: Specifying and solving the test assembly model

Once the mathematical model is specified in Excel, the Opensolver parameter interface, shown in
Figure 2, is used to structure and execute the ATA analysis. The user must specify the objective
function by placing the cell containing the objective, Cell $Q$13?, into the Objective Cell box.
Then, the user clicks the appropriate radio button to decide whether the objective function should be
maximized (max), minimized (min), or set to a specific target (value of). In our example, we click
minimize because the goal is to create two forms with the same mean test score. The decision
variables table ($F$3:$G$102° from Figure 1) are placed into the Variable Cells box. After the
decision variables have been specified, the user adds constraints to the Constraints box using the Add
Constraints button on the right side of the interface.

2 A $ in Excel denotes a fixed cell. In this example, $Q$13 means that the fixed value in this cell location is used in the
analysis. For problem 1, the value of $Q$13 is 0.00.

3 A colon in Excel describes a range of values. $F$3:$G$102 means all of the fixed values in the range that starts in cell
$F$3 and ends in cell G$102.
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OpenSolver - Model Y

‘What is AutoModel? AutoModel

AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadsheet, It will turn its best guess into a Solver model, which you can then edit in this window,

Objective Celk: |5Q513 J (" maximise ™ minimise " targetvalue:
Variable Cells: |crea.ece102 J
Constraints:

SNS3:SNS102 <= SMS3:EME102 | J | = j

SRE3:SRST = SQ53:5Q57
$553:5557 = $0515Q57 | J
SF$3:$65102 bin =

Add constraint ‘ ‘

I¥ Make unconstrainted variable cells non-negative

[+ Show named ranges

Sensitivity Analysis [ List sensitivity analysis on the same sheet with top left cell: J
[T Output sensitivity analysis: (% .

Solver Engine: Current Solver Engine: CBC Solver Engine. ..
v Show model after saving Clear Model Options... Save Model | Cancel |

i

Figure 2. An Example of the Opensolver Parameter Interface.

Problem 1 has three sets of constraints. The first constraint guarantees that items are only used once
in each parallel form (i.e., $N$3:3N$102<=$M$3:$M$102 from Figure 1). The second constraint
ensures that each form satisfies the content specification (i.e., $R$3:$R$7=$Q%$3:$Q%$7 and
$S$3:$S$7= $Q$3:$M$7 from Figure 1). The third constraint requires the decision variables to be
binary (i.e., $F$3:$G$102 bin from Figure 1). The sensitivity analysis provides information about
the consequence of changing the objective function for a given constraint and for adjusting a
constraint that is currently zero. To ensure our example is relatively simple and straightforward, this
optional analysis is not used in our demonstration. Once the model is created, the user clicks the
Solver Engine button on the Solver Engine line to run the analysis and solve the optimization
problem.

The result from the Opensolver analysis is an Excel spreadsheet that provides a comprehensive
summary of the solution, as shown in Figure 3. Recall, Figure 1 defines the ATA problem. Figure 3
presents the solution to the problem specified in Figure 1. Hence, Figures 1 and 3 should be
interpreted together. The solution contains the original item bank. The decision variable table
defines the assignment of each item to each form. For problem 1, items are assigned to either form 1
or 2. A 1 means the item is assigned to a form and a 0 means the item is not assigned to the form.
The form difficulty table identifies the difficulty level for each item on each form. The item overlap
table defines the form assignment for the items. For example, items 1 to 24 are assigned to either
form 1 or 2. But items 25 and 27 are not selected and hence not assigned to either form in this
example (i.e., they receive a 0 in the overlap table). The content constraints table provides a
summary of how well each form satisfies the content specification. In our example, all of the
content specifications were met. The objective function table provides the mean test score for each
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form based on the item statistic information available in the bank. The mean test score in our
example for Form 1 and 2 is 0.63 and 0.63, respectively. The means scores are computed from the
item difficulty values in the bank. They indicate that the difficulty of the two forms is the same.
Hence, the mean test score outcome produced by the ATA algorithm and reported in Figure 3 serves
as a summary of the equivalency of the two test forms. The implication of this outcome is important
for interpreting student test performance: When form 1 and 2 are randomly administered to two
groups of students, the mean score on each forms is expected to be the same (barring some sampling
error) because the forms were created and demonstrated to be equivalent to one another. Taken
together, the results in Figure 3 identify the items that must be selected from the bank in order to
create two forms that satisfy the content and statistical requirements described in our example ATA
problem. The results in this figure also reveal that a feasible solution that meets the overlap, content,
and statistical requirements was found for problem 1.

A B = D = F G H 1 i) K L M N o P Q R s
1 Item Decision Form Overlap Content
2 Bank | ltem# |contentarea|ltem difficulty | Variables| form1 | form 2 |Difficulty| dif*form 1] dif*form 2] C i Item# nstraints  forms Constrains content area constraints| form1 |form2
3 ‘ 1 A 0.85 0 1 0.00 0.85 1 1 1 A 10 | 10 10
4 2 A 0.84 \ 0 1 \ 0.00 0.84 ‘ 2 1 1 \ B ] " s s
s 3 A 0.85 1 0 0.85 0.00 3 1 1 C 4 T a T oa
6 4 A 0.84 1 0 0.34 0.00 4 1 1 D 6 56 6
7 5 A 0.57 0 1 0.00 0.57 5 1 1 E 7 7 7
3 6 A 0.61 0 1 0.00 0.61 6 1 1
9 7 A 0.43 0 1 0.00 0.43 7 1 1
10 8 A 0.57 1 ) 0.57 0.00 8 1 1 Objective
11 9 A 0.61 1 0 0.61 0.00 1 1 Function form1  form2
12 10 A 0.82 1 o 0.82 0.00 10 1 1 Mean Test Scores 0.63 0.63
13 11 A 0.85 1 0 0.35 0.00 11 1 1 Target 0.00
14 12 A 0.84 0 1 0.00 0.84 12 1 1
15 13 A 0.85 0 1 0.00 0.85 13 1 1
16 14 A 0.84 0 1 0.00 0.84 14 1 1
17 15 A 0.57 0 1 0.00 0.57 15 1 1
18 16 A 0.61 1 0 0.61 0.00 16 1 1
19 17 A 0.82 0 1 0.00 0.82 17 1 1
20 18 A 0.61 1 o 0.61 0.00 18 1 1
21 19 A 0.43 1 0 0.43 0.00 19 1 1
22 20 A 0.57 1 0 0.57 0.00 20 1 1
23 21 B 0.62 0 1 0.00 0.62 21 1 1
24 22 B 0.57 1 o 0.57 0.00 22 1 1
25 23 ] 0.70 1 0 0.70 0.00 23 1 1
26 24 B 0.62 1 0 0.62 0.00 24 1 1
27 25 B 0.83 0 o 0.00 0.00 25 1 o
28 26 ] 0.60 0 1 0.00 0.60 26 1 1
29 27 B 0.86 0 0 0.00 0.00 27 1 0
30 28 B 0.53 1 o 0.53 0.00 28 1 1
31 29 ] 0.62 1 0 0.62 0.00 29 1 1
32 30 ] 0.57 1 0 0.57 0.00 30 1 1
23 31 B 0.62 1 o 0.62 0.00 31 1 1
3 32 B 0.57 0 1 0.00 0.57 3z 1 1
35 33 ] 0.70 0 1 0.00 0.70 33 1 1

Figure 3. The Solution for Problem 1.

Two Practical Problems Using Test Data from an Undergraduate Psychology Course

We began with a structured example to illustrate the logic required to build a model and solve a ATA
problem using simulated data. Next, we apply this method in two practical testing situations using
actual student response data. An item bank containing 144 multiple-choice items was used. The
data for the two practical examples in this section of our paper were collected from a midterm and a
final multiple-choice exam administered in an introductory undergraduate course focused on
adolescent developmental psychology. The content codes for the items were created by the
instructor of the course. The item response data were collected from all 162 undergraduate students
who completed both exams during the Winter 2016 semester.

Problem 2: Parallel Forms Construction with Common Overlapping Items

In the second problem, the goal is to create two parallel forms that meet the following requirements:
(1) each form should contain 36 items; (2) the forms should have a similar mean test score; (3) the
forms must meet five content areas requirements—11 items are from content A, eight items are from
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content B, four items are from content C, six items are from content D, seven items are from content
E; and (4) the forms must contain some common, overlapping items. Item overlap is included as a
constraint in problem 2 because the item bank is relatively small. To address this limitation, a
unique set of 20 items that measure key concepts from each content area in the course was first
identified by the instructor. These key items were only used once in the test assembly problem to
limit their exposure. The remaining items in the bank were free to vary meaning that they could be
used in neither form or on either one or both forms. A summary of the item bank and the ATA
requirements for problem 2 are presented in Table 2.

Table 2. Summary of Content and Statistical Requirements for Test Assembly Problem 2
Content  Number of Items  Difficulty =~ Number of Items

Area in Bank Mean (SD) Per Form
A 14 0.75(0.20) 11

B 30 0.66(0.16) 8

C 15 0.74(0.17) 4

D 53 0.72(0.17) 6

E 32 0.67(0.15) 7

Total 144* 0.71(0.17) 36

*Items 4, 6, 21, 24, 27, 35, 46, 51, 67, 71, 82, 99, 101, 107, 114, 118, 124, 130, 135 and 140 can only be used in one of the
two forms.

The mathematical model for problem 2 is presented in Figure 4 (this figure shows 32 out of 144
items). The structure of problem 2 is comparable to problem 1, except the overlap constraints are
define for a specific number of items and the proportion of items across the five content areas is
defined to satisfy the problem requirements.

A B € D E F G H | ] K L M N 0 [2 a R s T
1 Item Decision Form Overlap Content

2 | Bank [ Item# [ content [item difficulty | Variables[ form1 [form2 | pifficulty[dif*form 1]dif*form 2| constraints Constraints [ _content |Constraints [form 1_Jform 2
3 1 A 0.88 0 0 0.00 0.00 Item# _constraints_forms A n o o
4 2 A 0.36 \ 0 0 ‘ 0.00 0.00 \ 4.00 1.00 0.00 \ B 8 o”
s 3 A 0.95 o o 0.00 0.00 5.00 1.00 0.00 c a of
6 4 A 0.94 0 0 0.00 0.00 21.00 1.00 0.00 D 5 of
7 5 A 0.87 0 0 0.00 0.00 24.00 1.00 0.00 E 7 of o
8 6 A 0.79 0 0 0.00 0.00 27.00 1.00 0.00

9 7 A 0.63 o o 0.00 0.00 35.00 1.00 0.00

10 8 A 0.57 0 0 0.00 0.00 46.00 1.00 0.00

1 9 A 0.61 0 0 0.00 0.00 51.00 1.00 0.00 Objective

12 10 A 0.97 o o 0.00 0.00 67.00 1.00 0.00 Function form1 _ form2

13 1 A 0.77 0 0 0.00 0.00 71.00 1.00 0.00 Testdifficulty] 0.0 0.00

12 12 A 0.4 0 0 0.00 0.00 82.00 1.00 0.00 ‘ Target 0.00

15 13 A 0.81 0 0 0.00 0.00 99.00 1.00 0.00

16 14 A 0.95 0 0 0.00 0.00 10100 100 0.00

17 15 B 0.42 0 0 0.00 0.00 10700 100 0.00

18 16 B 0.74 0 0 0.00 0.00 11400 100 0.00

13 17 B 0.56 o o 0.00 0.00 118.00 100 0.00

20 18 B 0.56 0 0 0.00 0.00 12400 100 0.00

2 19 B 0.84 0 0 0.00 0.00 13000 100 0.00

2 20 B 0.67 0 0 0.00 0.00 135.00 100 0.00

23 n B 0.62 0 0 0.00 0.00 14000 1.00 0.00

2 2 B 0.57 0 0 0.00 0.00

25 3 B 0.70 0 0 0.00 0.00

26 2 B 0.52 0 0 0.00 0.00

27 2 B 0.83 0 0 0.00 0.00

28 2 B 0.60 o o 0.00 0.00

2 27 B 0.86 0 0 0.00 0.00

30 28 B 0.53 0 0 0.00 0.00

31 29 B 0.75 0 0 0.00 0.00

32 30 B 0.86 0 0 0.00 0.00

Figure 4. Model Specified for the ATA Problem in Problem 2.

Figure 5 contains the Opensolver parameter interface. This interface contains the input required to
structure and execute the ATA analysis. It includes a definition for the objective function, the
decision variables, and the user-defined constraints.
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OpenSolver - Model 2
What is AutoModel? AutoModel
AutoModel is a feature of OpenSalver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadsheet. It will turn its best guess into a Selver model, which you can then editin this window,

Objective Cell: |5RSH J " maxmise © minimise  { target value:

Variable Cells: [eres.cos14s J

Constraints:

$F$3:$G$146 bin | J | = j
$553:9557 = SR$3:9RS7
§TS3:8TS7 = SRE3:9RS7
SMN$4:3NS23 <= SMSHSMS23 =
Add constraint | |
[¥ Make unconstrainted variable cells non-negative
¥ Show named ranges
Sensitivity Analysis [~ | st sensitivity analysis on the same sheet with top left cell: J
™ Output sensitivity analysis: ()
Solver Engine: Current Solver Engine: CBC Solver Engine...

v Show mode! after saving Clear Model | Options... | Save Model ‘ Cancel

g

Figure 5. The Opensolver Parameter Interface for Problem 2.

The solution for problem 2 is presented in Figure 6. The solution contains the original item bank
with items 1 to 144 (this figure shows 32 out of 144 items). The decision variable table defines the
assignment of each item to each form. The form difficulty table identifies the difficulty level for
each item. The item overlap table defines the form assignment for the items. It also identifies which
items will and will not be used from the bank. The content constraints table provides a summary of
how well each form satisfies the content specification. The objective function table provides the
mean test score for each form. The mean test score for Form 1 and 2 is 0.55 and 0.54, respectively,
using the student response data available in the bank. In other words, for problem 2, the best
solution that could be produced given the required constraints is that the mean score is very similar,
but not identical, across the two forms (difference between the mean scores across the two forms, as
reported in Objective Function summary is 0.01). Form 2 is more difficult than form 1 by 1 score
point.
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A B C D E F G H 1 J K L M N o P (o] R S
1| Item Decision Form Overlap Content
2 | Bank | ltem# | content |ltem difficulty | variables| form1 |form2 |Difficulty|dif*form 1|dif*form 2| Ci i C i content  |Constraints |[form1  [form2
3 ‘ 1 A 0.88 1 1 0.88 0.88 Item# constraints  forms A 1 [ 1 11
4 2 A 0.36 & 1 1 \ 0.36 0.36 \ 4.00 1.00 1.00 \ B 8 [ B' 8]
5 3 A 0.95 0 1 0.00 0.95 6.00 1.00 1.00 [ 4 [ 4" 4
6 4 A 0.94 1 0 0.34 0.00 21.00 L.00 0.00 D 6 [ 6 6
7 5 A 0.87 1 1 0.87 0.87 24.00 1.00 1.00 E 7 I 7’ 7]
8 6 A 0.79 0 1 0.00 0.79 27.00 1.00 0.00
9 7 A 0.63 1 1 0.63 0.63 35.00 1.00 1.00
10 8 A 0.57 1 1 0.57 0.57 46.00 L.00 1.00
1 9 A 0.61 1 1 0.61 0.61 5100 1.00 1.00 Objective
12 10 A 0.97 0 0 0.00 0.00 67.00 L.00 0.00 Function form 1 form 2
13 11 A 0.77 1 1 0.77 0.77 71.00 L.00 0.00 Test difficulty 0.55 0.54
14 12 A 0.44 1 1 0.44 0.44 82.00 1.00 0.00 \ Target 0.01
15 13 A 0.81 1 1 0.81 0.81 99.00 L.00 0.00
16 14 A 0.95 1 0 0.95 0.00 101.00 1.00 0.00
17 15 B 0.42 1 1 0.42 0.42 107.00 1.00 0.00
18 16 B 0.74 0 0 0.00 0.00 114.00 L.00 0.00
19 17 B 0.56 0 0 0.00 0.00 118.00 1.00 0.00
20 18 B 0.56 1 1 0.56 0.56 124.00 L.00 0.00
21 19 B 0.84 0 0 0.00 0.00 130.00 1.00 0.00
22 20 B 0.67 0 0 0.00 0.00 135.00 1.00 0.00
23 21 B 0.62 0 0 0.00 0.00 140.00 1.00 0.00
24 22 B 0.57 0 0 0.00 0.00
25 23 B 0.70 0 0 0.00 0.00
26 24 B 0.52 1 0 0.52 0.00
27 25 B 0.83 0 0 0.00 0.00
28 26 B 0.60 0 0 0.00 0.00
29 27 B 0.86 0 0 0.00 0.00
30 28 B 0.53 1 1 0.53 0.53
31 29 B 0.75 0 0 0.00 0.00
32 30 B 0.86 0 0 0.00 0.00
33 31 B 0.78 0 0 0.00 0.00
34 32 B 0.48 1 1 0.48 0.48

Figure 6. The Solution for Problem 2.

Problem 3: Parallel forms construction with practice test items

In the third problem, the goal is to create two parallel forms that meet the following requirements:
(1) each form should contain 36 items; (2) the forms should have a similar mean test score; (3) the
forms must meet five content areas requirements—11 items are from content A, eight items are from
content B, four items are from content C, six items are from content D, seven items are from content
E; (4) the forms must contain a specific set of common items (i.e., the two forms contain some
overlapping test items), and (5) the forms include nine new items that do not contain item statistics.
The fifth constraint is included because the instructor has written nine new items and these items
have not been administered to students. Hence, the purpose is to include these new items across the
two forms so the final forms satisfy the content and overlap constraints with the added benefit of
collecting statistical item analysis data on the new items so they can be used in future test assembly
tasks. Constraint 5 is often included in ATA problems when the long-term goal is to increase the
size of the item bank. The same bank of 144 test items from problem 2 was used in problem 3, but
with the addition of nine new items to produce a bank of 153 items. A summary of the item bank
along with the ATA requirements are presented in Table 3.

Table 3. Summary of Content and Statistical Requirements for Test Assembly Problem 3
Content  Number of Items  Difficulty =~ Number of Items
Area in Bank Mean (SD)  Per Form
17(14+3 new) 0.75(0.20) 11
30(30+0new) 0.66(0.16) 8
17(15+2 new) 0.74 (0.17) 4
55(53+2 new) 0.72(0.17) 6
34(32+ 2 new) 0.67(0.15) 7
Total 153* 0.71(0.17) 36
*Items 4, 6, 21, 24, 27, 35, 46, 51, 67, 71, 82, 99, 101, 107, 114, 118, 124, 130, 135 and 140 can only be used in one of the
two forms.

moow>»
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The model for problem 3 is presented in Figure 7. The structure of problem 3 is similar to problem
2, except we add nine new items which have no difficulty statistics (e.g., items 15-17 are new
therefore difficulty level is blank).

A B C D E F G H I J K L M N 0
1| Item Decision Form Content
2 | Bank | Item# | content |item difficulty | Variables| form1 | form 2 |Difficulty| dif*form 1| dif*form 2| Constrains content Constraints [form 1 |form 2
3 1 A 0.38 0 0 0.00 0.00 A n Y
a 2 A 0.36 ‘ 0 0 \ 0.00 0.00 ‘ B 8 f 0" of
5 3 A 0.95 0 0 0.00 0.00 C a7 o
6 4 A 0.94 0 0 0.00 0.00 D & 0" q
7 5 A 0.87 0 0 0.00 0.00 E 7 o 0
8 6 A 0.79 0 0 0.00 0.00 overlap
9 7 A 0.63 0 0 0.00 0.00 Constraints
10 8 A 0.57 0 0 0.00 0.00 Items constraints | forms
11 9 A 0.61 0 0 0.00 0.00 ‘ a 1 0
12 10 A 0.97 0 0 0.00 0.00 6
13 1 A 0.77 0 0 0.00 0.00 21 1 0
14 12 A 0.44 0 0 0.00 0.00 24 1 0
15 13 A 0.81 0 0 0.00 0.00 27 1 0
16 14 A 0.95 0 0 0.00 0.00 35 1 0
17 15 A 0 0 a6 1 0
18 16 A 0 0 51 1 0
19 17 A 0 0 67 1 0
20 18 B 0.42 0 0 0.00 0.00 71 1 0
1 19 B 0.74 0 0 0.00 0.00 82 1 0
2 20 B 0.56 0 0 0.00 0.00 99 1 0
23 21 B 0.56 0 0 0.00 0.00 101 1 0
2 2 B 0.84 0 0 0.00 0.00 107 1 0
25 23 B 0.67 0 0 0.00 0.00 114 1 0
2% 24 B 0.62 0 0 0.00 0.00 118 1 0
27 25 B 0.57 0 0 0.00 0.00 124 1 0
28 26 B 0.70 0 0 0.00 0.00 130 1 0
29 27 B 0.52 0 0 0.00 0.00 135 1 0
30 28 B 0.83 0 0 0.00 0.00 140 1 0
31 29 B 0.60 0 0 0.00 0.00
32 30 B 0.86 0 0 0.00 0.00
33 31 B 0.53 0 0 0.00 0.00
34 32 B 0.75 0 0 0.00 0.00
35 13 B 0.86 0 0 0.00 0.00 Objective
36 34 B 0.78 0 0 0.00 0.00 Function Forml  Form2
37 35 B 0.48 0 0 0.00 0.00 Mean TestScores | 0.00 0.00
38 36 B 0.94 0 0 0.00 0.00 Targst 0.00
39 37 B 0.91 0 0 0.00 0.00

Figure 7. Model Specified for the ATA Problem in Problem 3.

Figure 8 contains the Opensolver parameter interface. This interface contains the input required to
structure and execute the ATA analysis. It includes a definition for the objective function, the
decision variables, and the user-defined constraints.
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OpenSolver - Model 3 |

What is AutoModel? AutoModel

AutoModel is a feature of OpenSolver that tries to automatically determine the problem you are trying to optimise by observing the
structure of the spreadsheet. It will turn its best guess into a Solver model, which you can then edit in this window.

Objective Cell: |SMS38 J " maximise % minimise " target value:

Variable Cells: |sre3.:c5155 J

Constraints:

§F§3:5G5155 bin | J | = j
ENE3:ENST = SMET:EMET

8053:8057 = SMS3:5MS7 | J
SMNS11:8MNS30 <= EMS11:EME30 =

Add constraint ‘ |

[V Make unconstrainted variable cells non-negative

[+ Show named ranges

Sensitivity Analysis [ List sensitivity analysis on the same sheet with top left cell: J
[ Output sensitivity analysis: % o

Solver Engine: Current Solver Engine: CBC Solver Engine...
v show model after saving Clear Model Options. .. ‘ Save Model ‘ Cancel |

&

Figure 8. The Opensolver Parameter Interface for Problem 3.

The solution for problem 3 is presented in Figure 9. The solution contains the original item bank as
well as the decision variable, the form difficulty, the item overlap, the content constraints, and the
objective function tables. For problem 3, the mean test score for Form 1 and 2 is 0.52 and 0.52,
respectively, using the student response data available in the bank. The decision variable table
specifies the items to include in each form so the content constrain is satisfied. These forms will
contain both the original and the new items.
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A B C D E F G H 1 ] K L M N 0
1  Item Decision Form Content
2 | Bank | ltem# | content |Item difficulty [ Variables| form1 | form 2 |Difficulty| dif*form 1] dif*form 2| Constrains content Constraints [form 1 [form 2
3 \ 1 A 0.88 1 0 0.88 0.00 A 1 1 11
a 2 A 0.36 ‘ 1 1 ‘ 0.36 0.36 \ B s U
5 3 A 0.95 0 0 0.00 0.00 C a [ a” 4
6 a A 094 0 0 0.00 0.00 D 6 6§
7 5 A 0.87 1 1 0.87 0.87 E 77 777
3 6 A 0.79 0 1 0.00 0.79 Overlap
9 7 A 0.63 1 1 0.63 0.63 Constraints
10 8 A 0.57 1 1 0.57 0.57 Item# constraints | forms
1 9 A 0.61 1 1 0.61 0.61 \ 4 1 0
12 10 A 0.97 0 0 0.00 0.00 6 1 1
13 1 A 0.77 1 1 0.77 0.77 21 1 0
14 12 A 0.44 1 1 0.44 0.44 24 1 1
15 13 A 0.81 1 1 0.81 0.81 27 1 0
16 14 A 0.95 0 0 0.00 0.00 35 1 1
17 15 A 1 1 16 1 0
18 16 A 1 1 51 1 0
19 17 A 0 0 67 1 0
20 18 B 0.42 1 1 0.42 0.42 71 1 0
21 19 B 0.74 0 0 0.00 0.00 82 1 0
2 20 B 0.56 0 0 0.00 0.00 33 1 0
23 1 B 0.56 1 1 0.56 0.56 101 1 0
24 2 B 0.4 0 0 0.00 0.00 107 1 0
25 23 B 0.67 0 0 0.00 0.00 114 1 0
26 24 B 0.62 0 0 0.00 0.00 118 1 0
27 25 B 0.57 0 0 0.00 0.00 124 1 0
28 26 B 0.70 0 0 0.00 0.00 130 1 0
29 27 B 0.52 1 0 0.52 0.00 135 1 0
30 28 B 0.83 0 0 0.00 0.00 140 1 0
31 29 B 0.60 0 0 0.00 0.00
32 30 B 0.86 0 0 0.00 0.00
33 31 B 0.53 1 1 0.53 0.53
31 3z B 0.75 0 0 0.00 0.00
35 33 B 0.86 0 0 0.00 0.00 Objective
36 34 B 0.78 0 0 0.00 0.00 Function Forml  Form2
37 35 B 0.48 1 1 0.48 0.48 \ Mean Test Scores | 0.52 0.52
38 36 B 0.94 0 0 0.00 0.00 Target 0.00
39 37 B 0.91 0 0 0.00 0.00

Figure 9. The Solution for Problem 3.

DISCUSSION and CONCLUSION

The purpose of our study was to describe and illustrate a test development process that can be used
for parallel forms construction using the selected-response item type in order to permit on-demand
testing. We presented the logic and highlighted the benefits of parallel forms construction using
three different examples. In each example, parallel forms were created that met strict content and
statistical constraints. These findings are important because educational testing is undergoing
profound changes spurred on, in part, by the application of technology to assessment. As a result,
CBT has become commonplace across all levels of education ranging from K-12 to post-secondary
levels. This expansion is fueled by the benefits of CBT over paper-based testing that includes the
ability to test on-demand, to administer exams at different locations and with different technologies,
to provide students with instant feedback while relieving instructors from the monotonous task of
manual scoring, and to use dynamic new item types.

Despite these important benefits, exam security remains an important concern. When computer-
based tests are administered more frequently, item exposure rates will also increase. To address this
concern, parallel test forms are created. Parallel forms are considered to be secure exams because
each form contains a different set of items thereby minimizing item exposure in order to enhance test
security. But manually assembling parallel test forms is impractical because it requires the solution
to a complex combinatorial problem. As an alternative, instructors can implement ATA using
existing software that is readily available and relatively easy to implement. In this study we
demonstrated the use of the Opensolver, which is a free open-source add-in for Microsoft Excel that
can be used to solve a broad range of ATA problems. We began with a simple problem using
simulated data. Then we solved two practical problems using real data from an item bank developed
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using the student response data from two previously administered exams in a large introductory
undergraduate psychology course. The bank contained content codes and statistical indices for each
test item. Across all three problems in our study, parallel forms were constructed that met stringent
content specifications while satisfying strict statistical targets thereby demonstrating the feasibility
and benefits of using this approach for test development.

Instructors may hesitate before attempting to implement ATA due to concerns about the size and
quality of their existing item bank. To be sure, item banking is an important requirement for solving
test assembly problems. Ideally, a large bank is available with items that span many content areas
and include a wide range of difficulty levels. This type of bank was used to solve problem 1. But it
is also important to stress that test assembly is a flexible process. In reality, most banks are small or
in-development. Problems 2 and 3, which were based on real student data from an undergraduate
course in psychology, illustrate how to solve ATA problems under less than ideal item banking
conditions.

For problem 2, item overlap rates were needed because the item bank was too small to produce two
unique non-overlapping forms that satisfied the objective function of mean score equality. Hence,
some common items were included in both forms. The inclusion of common items can be
considered both a strength and a weakness in test design. Item overlap has the benefit of providing
the instructor with common items across the forms so the performance of students who write each
form can be compared directly on the same items. Item overlap also has the drawback of exposure
meaning that some items from the test are being viewed by all students in the course. Item exposure
has the potential of compromising test security if the same items are used in future exams and if
students disclose these items to future test takers. Problems with item exposure can be reduced by
decreasing the number of common items used in parallel forms construction.

For problem 3, newly created items that did not contain statistics were included in the construction
of the parallel forms. These items were included so data on their statistical performance could be
collected. Then, when this statistical information is available, instructors can use these items for
future test assembly tasks. The inclusion of practice items can be considered both a strength and a
weakness in test design. The benefit of using new items is that statistical information can be
collected. This information, in turn, can be used to build a larger item bank. The drawback of using
new items is that the difficulty level is unknown and as a result the overall mean score on the parallel
forms could be different when the new items are used to compute students’ test scores. To resolve
this potential problem, new items are often not included in students’ mean score calculation.
Unfortunately, this introduces the issue of how to explain to students that not all test items actually
contribute to their final exam score.

One simple way to address the item banking challenges described in problems 2 and 3 is implement
ATA only when a large diverse bank is available. As an alternative, the solutions we presented
suggest that there are creative ways to build and replenish banks. These solutions, however, will
always require different types of trade-offs and compromises. But it is important to underscore that
even with small item banks, ATA can be used to create parallel forms that meet stringent content
specifications and statistical targets. In other words, instructors with relatively small banks can use
ATA methods to create parallel forms when the goal is to promote flexible on-demand testing while
at the same time maintaining security. Because parallel forms measure the same content areas and
produce tests with the same difficulty levels, instructors can compare students’ test results because
the scores across the forms are highly comparable, if not equivalent, to one another.
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Comparative Analysis of Common Statistical Models Used for
Value-Added Assessment of School Performance*

Okul Performansinin Katma-Degerli Degerlendirilmesinde
Kullanilan Yaygin Istatistik Modellerinin Karsilastirmali Analizi

Sedat Sen ** Seock-Ho Kim *** Allan S. Cohen ****

Abstract

The purpose of this study was to compare three popular value-added models used in measuring school
effectiveness based on their distinguishing characteristics. In this study, the simple fixed effects model (SFEM)
and two hierarchical models (UHLMM and AHLMM) were analyzed using value-added measures obtained
from a common data set with two years standard assessment data. Value-added measures obtained from these
three models were analyzed to determine the impact of the differences of each model. Correlational analyses
were also conducted to see whether there were meaningful relationships among these value-added models.
SFEM and UHLMM models produced very similar rank orders of school effects while SFEM and AHLMM
had only a moderate correlation. Thus there was not much difference between SFEM and two HLM models in
terms of the rank orders of schools.

Keywords: School effectiveness, value-added assessment, value-added models, hierarchical linear models.

Oz

Bu ¢alismanin amaci, okul etkililigini 6l¢gmede yaygin olarak kullanilan {i¢ katma-degerli modeli ayirt edici
ozelliklerine dayanarak karsilagtirmaktir. Bu ¢alismada iki yillik bir standart test verisi kullanilarak bu veriden
elde edilen katma-degerli 6l¢limler vasitasiyla basit sabit etki modeli (SFEM) ve iki hiyerarsik dogrusal model
(UHLMM ve AHLMM) analiz edilmistir. Bu tic modelden elde edilen katma-deger 6l¢timleri, her modelin
farkliliklarinin etkisini belirlemek i¢in analiz edildi. Bu katma degerli modellerin sonuglari arasinda anlaml
iliski olup olmadigimi gérmek igin korelasyon analizine bagvurulmustur. SFEM ve UHLMM modelleri okul
etkilerini benzer derecede siralarken, SFEM ve AHLMM sonuglar orta derecede bir korelasyona sahiptir. Bu
nedenle, okullarin siralamasina gére SFEM ve iki HLM modelinden elde edilen sonuglar arasinda ¢ok fazla
fark bulunmamustir.

Anahtar Kelimeler: Okul etkililigi, katma-degerli degerlendirme, katma-degerli modeller, hiyerarsik dogrusal
modeller.

INTRODUCTION

Over the past few decades, there has been growing interest in the effectiveness and accountability of
schools around the world. As an example, this has been the case with the U.S., especially since the
adoption of the No Child Left Behind act of 2001 which requires states to measure student academic
achievement and to report on progress using Adequate Yearly Progress (AYP) measures (Amrein-
Beardsley, 2008). This system is based on an approach which gives rewards to schools that make
contributions to students’ learning and sanctions those that do not make any improvement on student
test scores. Early applications of this state-wide assessment have focused on the current status of
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students. The current-status approach compares different cohorts of students at a single point in time
(Doran & lzumi, 2004). It simply uses the percentage of students who passed the state test at the end
of the school year.

Educators recognize that a one-time test score is not always a useful way to estimate school effects
on student performance. Differences among schools may be due to student and school variables that
are not measured in tests but that influence test scores. Current-status methods don’t take
socioeconomic factors into account, for example, when assessing schools’ effectiveness. Although
these methods are located at the heart of the state accountability system, there are at least two
reasons why they’re invalid and inappropriate to use for the purpose of school comparisons.

First, students come to school with different backgrounds. In other words, there is no random
assignment of students to schools (Doran & lzumi, 2004) yet the statistical methodology underlying
this approach assumes random assignment. This results in making unfair comparisons between
disadvantaged and advantaged schools in terms of socioeconomic status.

Second, current-status methods are cumulative. They reflect the impact of learning obtained from all
previous schools on students’ performance scores (Doran & Izumi, 2004) but they do not
differentiate current effects from previous effects. Thus, we cannot hold only the latest school
accountable for a student’s good or poor test score if the student has changed schools in the past. As
Ballou, Sanders, and Wright (2004) note, holding schools accountable based on mean achievement
levels makes no sense, when students enter those schools with large mean differences in
achievement.

It is widely accepted that status-based accountability systems are likely to be flawed, resulting in
inaccurate judgments of school quality (Doran & lzumi, 2004; Tekwe et el., 2004). As the
shortcomings of this method increasingly become apparent, an alternative way of assessing school
effectiveness using growth models has gained acceptance. This new method focuses on the
improvement students in the school made during the year. Instead of considering how cohort groups
have increased in knowledge, measuring individual student progress over time from one time point
to the next is more reasonable in terms of “learning,” which is meant to be “change.” Growth models
are designed to generate estimates from these kinds of data (Doran & Izumi, 2004).

In this regard, researchers have developed a method called value-added analysis (VAA) which
enables them to use individual student achievement scores over time in order to identify effective
schools. As defined by Tekwe et al. (2004) “Value-added is a term used to label methods of
assessment of school/teacher from one year to the next and then use that measure as the basis for a
performance assessment system” (p. 31). Pioneers of VAA claim that VAA generates fairer and
more accurate estimates than those generated by state tests that measure only the achievement of a
single year. The primary purpose of VAA is to determine the impact of teachers or schools on the
progress of their students (Raudenbush, 2004). To do this, VAA computes gain scores by taking the
differences between students’ scores on state tests from one year to the next (Sanders et al., 2002).

The VAA approach evaluates schools based simply on how they increased the level of their students’
knowledge. The two basic ideas underlying value-added measurement are that it is calculated for
each individual nested within the schools and that it is based on changes in student performance from
one year to the next (Ladd & Walsh, 2002). Another advantage cited of VAA is that, unlike the
current-status method, it can control the effect of confounding variables such as student and school
socioeconomic status that may influence the test scores. In this way, it is an attempt to minimize the
influence of experiences, privilege, and ethnicity on student performance.

In general, value-added models (VAMS) are a class of statistical model procedures that analyze
students’ standardized test scores over time to identify the degree to which a student’s progress is a
function of their own characteristics or of the characteristics of their school (Doran & 1zumi, 2004).
VVAMs have recently received a great deal of interest from both policy makers and researchers due to
a belief that these models can adequately determine how individuals are growing over time while
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appropriately attributing that portion of their gain scores to their schools (Sanders, & Horn, 1994;
Sanders, & Horn, 1998; Sanders, Saxton, & Horn, 1997). It is an area of research in education that
has achieved a significant role in shaping the school accountability system.

Several VAM approaches have been suggested by researchers. Current-status methods all rely on
regression models and assume that school effects are fixed (Tekwe et al., 2004). They are also
confounded with nonschool factors (Sanders, 2000), whereas VAMSs require the use of more
complex statistical models such as mixed models and hierarchical models which assume school
effects to be random. Hanushek (1972) is generally credited as the first to use VAM methods in the
accountability system. Sanders, who developed the Tennessee Value Added Assessment System
(TVAAS), was the first to implement VAMS in a statewide testing system (Stewart, 2006).

According to a report by the RAND corporation (McCaffrey, Lockwood, Koretz, & Hamilton, 2003)
early VAM applications (e.g., Hanushek, 1972; Murnane, 1975) primarily used fixed effects models.
More recent applications, including the TVAAS layered model, have used random effects models
exclusively.

Another important model is one developed by Raudenbush and Bryk (1986) and Aitkin and
Longford (1986). This model relies on hierarchical linear models to measure student growth.
Although there are several VAMs which are based on different statistical assumptions (Braun, 2004;
Tekwe et al., 2004), the most popular has been the TVAAS (Olson, 2004). For any of these models
to be useful in VAA analysis, however, the test scores must be vertically scaled (Ballou et al., 2004;
Doran & Cohen, 2005). That is, the test scores must all be expressed on a common scale that extends
over the time periods included in the analysis. In brief, longitudinal data, annual assessment, and
vertically equated tests are said to be basic elements of VAMSs. Typically, standardized assessment
scores are used in VAM studies. Though no VAM has yet been obvious to be clearly superior over
another, VAMs are considered to be fairer and more accurate than conventional methods (Doran &
Izumi, 2004).

To date, several alternative models, ranging from simple gain scores to complex mixed models, have
been suggested by researchers with regard to assessment of school effectiveness. However, there
have been a limited number of studies which make comparisons among these different models
(Ballou et al., 2004; McCaffrey et al., 2003; Tekwe et al., 2004). Selection of the most useful model
for an accountability analysis requires determining which model is most accurate. Fortunately, a few
important studies have been conducted to determine the most desirable model for computing school
effects. The Journal of Educational and Behavioral Statistics published one volume solely
concerning the VAA and popular VAMs (Wainer, 2004). The papers in that volume concluded that
there are numerous acceptable models as opposed to only a single acceptable model.

Tekwe et al. (2004), Ballou et al. (2004), and McCaffrey et al. (2003) describe differences among
VAMs. As these studies have noted, compared to other methods, VAMs are less biased and produce
more precise estimates. Although there is a lack of comparative studies showing which VAM is
better than the others, the LMEM model has been used frequently for accountability purposes.
Ballou et al. (2004) conducted a simulation study to evaluate the TVAAS model which is based on
the LMEM. Results indicated that the TVAAS uses a highly parsimonious model that omits controls
for contextual factors such as SES and demographics that influence achievement.

Unlike the LMEM model, HLM maodels include school and student variables and attempt to control
such factors by statistical adjustment (Bryk & Raudenbush, 1992). Sanders et al. (2002) noted that
inclusion of these factors in HLM affects the school estimates resulting in biased measures of
schools towards zero. Sanders’ LMEM model does not account for these variables. That model
attempts to eliminate controls for these variables by use of multiple measures on each student
(Ballou et al., 2004). Sanders found that the inclusion of these factors to the model did not result in a
significant difference between the two models (Ballou et al., 2004). Results of a simulation study
comparing the general model, which is similar to the AHLMM, with those of a layered model which
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is similar to the LMEM, however, suggested that the AHLMM fit the data better than the layered
model (McCaffrey et al., 2003).

Tekwe et al. (2004) found little or no benefit from use of more complex models. The simpler SFEM
model provided results that were more accurate compared to estimates from the other models.
Results also indicated that the AHLM model would be preferred when there is a need for controlling
the effects of student and school variables estimates and that selection of one of the two models
should be based on non-empirical considerations.

Although VAMs have been shown as an important tool for accountability system, a number of
researchers criticized the VAMSs application for determining school or teacher effectiveness. An
important criticism of VAMs is that they do not yet solve the problem of randomization completely
(Wiley, 2006). Another criticism of VAMSs is about the precision of the value-added estimates
obtained from longitutional data sets. Schochet and Chiang (2010) examined the likely system error
rates for measuring teacher and school performance in the upper elementary grades using ordinary
least squares (OLS) and Empirical Bayes (EB) methods applied to student test score gain data.

Similarly, Guarino, Reckase, and Wooldridge (2015) investigated the accuracy of the value-added
estimates of teachers obtained from commonly used value-added models. They found that no one
method accurately captures true teacher effects and classifies teachers in realistic conditions. In
addition, VAM approach has been shown to be invalid when there is endogeneity which may be due
to correlation between the random effect in the hierarchical model and some of its covariates (Manzi,
San Martin, & Van Bellegem, 2014). Another criticism of VAMs is about the data requirements of
these models. As mentioned above vertically equated test results from multiple years are basic
elements of VAMSs. This makes VAM useful for a single developmental scale. However, most of the
VAMs cannot be used for multiple test instruments (on different scales) administered within a school
year. A few researchers have discussed how to use VAMs to analyze longitudinal student
achievement data obtained from multiple instruments (Green, 2010; Rivkin, Hanushek, & Kain,
2005).

There have been numerous studies that show the strengths of the VAMSs over the conventional
methods. However, the concern remains that simpler models are as efficient as more complex
models (Doran & Fleischman, 2005). Several models introduced in VAA calculate the value-added
measures based on different assumptions. SFEM and UHLMM do not account for school/non-school
variables, while AHLMM attempts to control these factors by statistical adjustments. In this study,
the impact of school and non-school factors are compared on school-level value-added scores using
an empirical data with an eye to better understanding problems associated with model complexity.
Three popular VAMs (i.e., SFEM, UHLMM, and AHLMM) were examined in this study. The
models selected for the present study show similarities to a previous study conducted by Tekwe et al.
(2004). Tekwe et al. (2004) have also examined the LMEM in their study in addition to the models
compared in this study. LMEM was excluded from our study due to data requirements of this model.

METHOD
Instrumentation

Data for this study were taken from 2002 and 2003 statewide mathematics and reading test results of
the Florida Comprehensive Assessment Test (FCAT) for Grades 6 to 8. Separate analyses were done
for each grade. The FCAT is a criterion-referenced test that aims to assess student achievement in
high-order cognitive skills represented in the Sunshine State Standards (Florida Department of
Education, 2003) in reading, mathematics, writing, and science. The FCAT includes three types of
guestions: multiple choice items, graded response items, and open-ended items. FCAT scaled scores
used in this study were vertically scaled, thus making them appropriate for VAA.
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Sample

Separated analyses were performed for each of the grade cohorts for Grades 6, 7 and 8 in a large
Florida school district with 44 secondary schools for 2002 and 2003. Only standard curriculum
students were used in the analyses. Special education students with any exceptionality and students
in the limited English proficiency (LEP) program for two or fewer years were excluded due to
following reasons. Generally, it is impossible to collect two years of score from students with severe
cognitive disabilities that are required for most of the VAMs. In addition, students with limited
English cannot show real performance on state test and this may have a negative effect on the value-
added measures of schools. Students whose reported ages were outside the acceptable age range for a
given grade were excluded from the analyses. Listwise deletion was applied to exclude these
students’ information.

A total of 60,718 students were available for analyses after the exclusions: 19,611 for Grade 6,
20,433 for Grade 7, and 20,674 for Grade 8. Non-school variables for socioeconomic status and
minority status were included in the data set. Socioeconomic status information was provided in the
form of student’s eligibility for the free-or-reduced lunch program. Minority status is a school-level
variable is based on the proportion of African-American or non-African-American students in the
school. Descriptive statistics based on grade and subject combination are presented in Table 1.

Table 1. Sample Size, Mean FCAT and Standard Deviation by Subject, Grade and Year, and Percent
Minority and Percent Poverty in 2003 by Grade

Reading Math Demographics in 2003
2002 2003 Change 2002 score 2003 score Change Poverty Minority
score score score score
N 19,611 19,611 19,611 19,611 19,611 19,611 19,611 19,611
M 142132  1527.89 106.57 1566.02 1581.17 15.15 73.7% 28.6%
6th sp 36852 371.85 235.62 294.80 297.80 189.48
N 20433 20,433 20,433 20,433 20,433 20,433 20,433 20,433
M 1493.98  1623.32 129.33 1554.14 1692.70 138.56 72.2% 28.4%
th sp 38543  348.92 244.52 293.74 255.18 191.43
N 20,674 20,674 20,674 20,674 20,674 20,674 20,674 20,674
M 1606.93  1782.10 175.16 1675.76 1804.40 128.64 70.3% 28.6%
8th sp  345.79 276.42 223.87 274.60 216.95 169.142

Value-Added Models Used in This Study

As noted above, VAMS have the capability of controlling the effects of non-school variables as well
as prior performance. In this study, results for three commonly used VAMSs were compared: a simple
fixed effects model and two hierarchical linear models. It should be noted that layered mixed effects
model (LMEM) is another popular VAM that is useful for data sets collected from students attending
multiple schools. This model was not examined in this study as the data set in this study does not
have students attending multiple schools within a school-year. This makes present study different
from Tekwe et al. (2004).

Simple fixed effects model (SFEM)

Fixed effects models (FEM) used for VAA assume school effects to be fixed rather than random.
These have the advantage of being the simplest VAM, requiring less computation than the others. As
a result, estimates from FEM are more easily understood by policymakers and educators with little
statistics experience (Wiley, 2006). The simple fixed effects model (SFEM) is an extension of the
FEM. One concern with this model is that it does not incorporate student-level covariates and does
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not apportion variance for students who have attended multiple schools. Thus it does not produce
any shrunken estimates. As SFEM uses only two years of data in a single subject, however, its
application is very straightforward.

Model parameterization:

dijs = Pos + Xke1Biks Skijz + Eijs » 1)
where
dijs = Yijs2 — Vijs1,
d;js = is a simple change score obtained from difference between two examinations of a student i
in school j on the same subject area s,
Yijse =IS the test score on the subject area s (s = 1,2) at time t (¢t = 1,2) for the student j (j =
1,---,m) inschooli (i = 1,--+,n;),
Syij2= Is effect coding at time (t = 2) for school k (k = 1,--+, 44) with coding numbers m (m =
1’ e 43)’
Skijzzlfork =mandk # 44;0fork +# mand k # 44; -1 for k = 44,

and ¢&;;is the random error for student j in school i for subject area s.
2
It is assumed that “iis ~ N(O’Gﬁ).

B1xs In Equation 1 is the value-added component in subject area s for school k.

Hierarchical linear models.

Hierarchical linear models (HLM) require using hierarchically ordered nested data. The hierarchical
nature of the structure is that students are considered nested within classes and classes as nested
within schools. Due to the nature of the data used in education, HLM has been used extensively for
analysis of school effects (Raudenbush & Bryk, 2002). HLM is a special type of the general mixed
models family and can be used to obtain value-added measures. These models demand more
computation than SFEM, but unlike SFEM, HLM-based models produce shrunken effects.

The HLM analysis consists of four parts as follows (Raudenbush & Bryk, 1988-1989):
i.  Apportioning variation between and within units of analysis
ii.  Assessing the homogeneity of regression assumption
iii.  Testing for compositional effects
iv.  Assessing the effect of the method

Traditional regression methods assume that individuals are independent of each other although
students in the same school might have similar results when compared to students from different
schools. HLM can handle this violation of the independence assumption unlike linear models.

In this study, two different types of HLM were examined, unadjusted HLM (UHLMM) with random
intercept and adjusted HLM (AHLMM). The AHLMM consists of two equations called student-level
and school-level models. The two-level HLM provides an analytical framework for examining the
effects of schools on student outcomes. An extension of two-level model (i.e., three-level HLM) can
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be used to obtain value-added estimates of schools and teachers using a data set structure which has
students nested within teachers and teachers nested within schools.

Unadjusted hierarchical linear model (UHLMM)

UHLMM uses unadjusted change score with random intercept. This model consists of two level
HLM described by the following equations;

Student-level model:
dijs = Bois + Eijs»
where d;; is the change score defined as in Equation 1, B is a random intercept associated with

the school i, and Eijs is a random error.

School-level model:

Bois = Yos + Sis»
where ¥, is the mean of the random intercepts, B, and &, are the random effect and random
error of school i on the random intercept for subject area s. fSj.and & are assumed to be
independent. ¢; ;5 and &; are assumed to have normal distribution.

Single equation form:

dijs = Pos + Sis + Eijs- (2

Adjusted hierarchical linear model (AHLMM)
The AHLMM model is adjusted for student-level and school-level covariates.
Student-level model:

dijs = Bois + P1s Vijs1 + BasMingj + BssPov;; + s,
where d;;; = 75, — Zijs» Bois 18 @ random intercept associated with the school i and subject area s,

Min;; = an indicator of minority status (Yes or No) for student j in school i, Pov;; =an indicator of

poverty in which the status of a student eligible for a free-and-reduced lunch is considered to be
poverty (Yes or No) for student j in school i, B, f,.,and f,, are the fixed effects of previous

year's test score, minority status, and poverty on learning gain in subject area s, and & is a random
error.

School-level model:

Bois = Yos + Y1sZ1i + V2sZai + Sis)
where Z; is the mean input score for the school i, Z,; is the percentage of students in poverty in the
school i, &, is is the random error associated with the value of the random intercept for the subject
area test (s) and the school i in the student level model, and the y's are fixed effects coefficient

parameters. The within and between school error terms, &;;;and &, are assumed to be independent.

is?

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi 309
Journal of Measurement and Evaluation in Education and Psychology



Journal of Measurement and Evaluation in Education and Psychology

Single equation form:

dijs = Yos + V1sZ1i + VasZai + BisVijs1 + PasMingj + PssPov;; + &5 + &5, 3)

RESULTS

Assumptions and characteristics of each of the VAMSs used in this study are shown in Table 2. Thus,
differences in characteristics of the models can be seen in Table 2. Interpretations of results for each
model are based on distinguishing characteristics of the model. Correlations between VAM measures
of schools generated from each model are given in Table 3. Schools were ranked based on their
VAM estimates from different models. Correlational results provide information about the rank
order of school effects generated from each model. Tables with these rankings are also presented in
Appendices.

Table 2. Summary of Distinguishing Characteristics of Models
Model identifier Dependent variable School effects ~ Student-level variable  School-level variables

SFEM Change score Fixed No No
UHLMM Change score Random No No
AHLMM Change score Random Yes Yes

Note. Adapted from Tekwe et al. (2004, p.23). SFEM = Simple fixed effects model, UHLMM = Unadjusted hierarchical
linear model, AHLMM = Adjusted hierarchical linear model.

Table 3. Table of Correlations Between Value-added Measures of the Models

6" grade 7" grade 8" grade

Math Reading Math Reading Math Reading
SFEM vs. UHLMM .99 .99 .99 .99 .99 .99
SFEM vs. AHLMM 75 .85 .80 .55 73 74
UHLMM vs. AHLMM .75 .85 .80 .54 .73 74

Note. SFEM = Simple fixed effects model, UHLMM = Unadjusted hierarchical linear model, AHLMM = Adjusted
hierarchical linear model.

With respect to the assumption of school effects as random, the SFEM is the only one that accounts
for school effects as fixed effects. Therefore, it is appropriate to compare the SFEM to the UHLMM.
The UHLMM differs only in that it considers the school effect to be random. The most important
finding that is evident in Table 3 is the very high correlation between SFEM and UHLMM value-
added estimates (r = .99) in all cohorts. This suggests that the two models provide the same rank
ordering of schools. Thus, it is possible to conclude that there was no difference between taking
school effects as random or fixed in terms of rank order of school effects.

A second concern in measuring school effectiveness is to include school and non-school covariates
in the models. Among the models in this study, only the AHLMM can take both student-level and
school-level effects into account. Apart from this characteristic, the AHLMM and UHLMM are
identical. As a result, we can make inferences based on the comparison of these two models. As can
be seen in Table 3, there were moderate correlations ranging from .54 to .85 between AHLMM and
UHLMM for the different cohorts. This indicates that the effects of including school and non-school
variables in the AHLMM had a clear impact on the VAA estimates.

Another comparison with the AHLMM can be made with SFEM. This comparison will help to see
the effects of employing shrinkage or including school and non-school variables in the AHLMM
model. Correlations between these two models showed moderate values ranging from .55 to .85.
These results suggest there is a noticeable difference between SFEM and AHLMM. Although the
AHLMM is appropriate when seeking to adjust for confounding variables, the only thing we can
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really conclude is that there was a difference between the rank orders of schools based on these two
models.

Strong correlations were observed between results generated by the SFEM and UHLMM, but much
more modest correlations were observed between the AHLMM and all other models. We conclude
on the basis of these results that there was not much difference between the SFEM and hierarchical
models in terms of the rank order of school estimates.

Once a model is chosen, value-added measures for students can be converted to standardized grades
to determine the relative performance of the teachers within each school (or attributed to each
school). To obtain standardized grades, standardized value-added measures were divided by their
standard errors and assigned grade point average (GPA) values using the following criteria from
Tekwe et al. (2004):

If z> 2, then assign a grade of A and 4 growth points;

If 1 <z <2, then assign a grade of B and 3 growth points;
If -1 <z <1, then assign a grade of C and 2 growth points;
If -2 <z<-1, then assign a grade of D and 1 growth points;
If z < -2, then assign a grade of F and 0 growth points.

Results of the standardized grade conversions are presented in Table 4.

Since grades from the SFEM and UHLMM models were found to be similar, we present only results
for the SFEM and AHLMM in Table 4. Results in Table 4 suggest that large schools with higher
value-added estimates tended to have lower GPA values than smaller schools with lower value-
added estimates, although it was also possible that large schools with lower value-added estimates
could have higher GPA values.

Individual school estimates and their rankings were obtained for each grade from three different
VAMs. Only estimates for Grade 6 are presented (see Tables 5 and 6 in Appendices A and B).
(Estimates for Grades 7 and 8 are available on request from the first author.). For the SFEM,
estimates can be interpreted as the difference between the school specific sample average change and
the average changes overall. Estimates from the UHLMM are shrunken estimates of school effects
from the SFEM. These can be calculated as estimates of the best linear unbiased predictors of the
random effects for each school and each grade. Value-added estimates of the AHLMM were also
calculated as estimates of best linear unbiased predictors.

The ranks of the school estimates from the SFEM were similar to those of the school estimates from
the UHLMM. It is interesting to note that estimates from both models were very similar. This result
also suggests that there was little difference in estimating school effects as either random or fixed.
Results from the AHLMM had moderate agreement with results from SFEM. Results from each of
the models suggested that VAM rankings of schools differed across different grades. Results
compared for each grade, however, were very consistent with the results of correlational analyses.
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Table 4. Growth Point Averages for Each School Based on Value-Added Measures from SFEM and
AHLMM

SFEM AHLMM
School M R G6 G7 G8 T M R G6 G7 G8 T

1 0.00 066 050 050 000 033 033 133 050 150 050 0.83
2 3.00 3.66 200 400 4.00 333 233 233 150 250 3.00 233
3 1.00 233 050 100 350 166 233 266 200 200 350 25

4 200 100 200 050 200 150 200 166 250 100 200 1.83
5 333 3.00 200 400 350 316 266 166 200 250 200 216
6 266 166 250 250 150 216 266 200 3.00 200 200 233
7 1.00 233 150 100 250 166 166 200 200 150 2.00 1.83
8 3.00 266 400 200 250 283 166 200 200 150 200 1.83
9 200 1.00 0.00 1.00 350 150 233 200 200 200 250 216
10 366 3.00 4.00 300 3.00 333 300 233 250 250 3.00 266
11 233 166 350 250 000 200 233 133 200 250 100 1.83
12 3.00 233 3.00 250 250 266 166 166 200 150 150 1.66
13 266 200 4.00 200 100 233 233 233 3.00 200 200 233
14 166 200 400 150 0.00 1.83 200 200 200 200 200 2.00
15 1.00 233 200 100 200 166 100 200 200 100 150 1.0
16 0.00 100 100 0.00 050 050 1.33 200 100 200 200 1.66
17 033 1.00 150 0.00 050 066 066 133 200 050 050 1.00
18 0.00 133 000 0.00 200 0.66 200 266 200 200 3.00 233
19 333 3.00 350 4.00 200 316 266 166 3.00 250 100 216
20 166 166 1.00 200 200 166 200 200 200 200 200 200
21 1.00 100 0.00 150 150 100 0.66 100 1.00 150 0.00 0.83
22 200 233 200 050 4.00 216 200 266 250 150 3.00 233
23 3.00 200 150 3.00 300 250 366 233 300 300 300 3.00
24 133 266 150 300 150 200 066 200 200 100 1.00 1.33
25 333 266 400 250 250 3.00 333 233 400 200 250 283
26 1.00 166 250 150 0.00 133 066 133 150 150 0.00 1.00
27 200 233 150 350 100 216 233 266 250 350 150 250
28 166 266 350 100 200 216 166 200 200 150 200 1.83
29 366 266 3.00 300 350 316 200 200 200 200 200 2.00
30 066 233 050 1.00 300 150 266 3.00 200 250 400 283
31 166 266 200 150 3.00 216 266 266 250 200 350 2.66
32 233 300 150 250 4.00 266 333 333 3.00 300 4.00 333
33 200 266 000 400 300 233 133 166 0.00 250 200 150
34 133 133 400 000 0.00 133 200 200 200 200 200 2.00
35 0.00 066 000 0.00 100 033 1.33 200 100 150 250 1.66
36 233 166 150 250 200 200 200 133 1.00 200 200 1.66
37 333 133 3.00 250 150 233 266 133 250 250 100 2.00
38 266 066 100 200 200 166 266 166 150 250 250 216
39 266 333 4.00 250 250 3.00 200 233 200 200 250 216
40 266 266 150 350 3.00 266 133 133 150 150 100 1.33
41 133 066 300 000 0.00 1.00 266 166 250 150 250 216
42 200 166 250 250 050 1.83 200 200 150 250 200 200
43 200 066 000 300 100 133 100 100 050 150 1.00 1.00

44 - - - - - - 233 233 200 250 250 233
Notes. M = Math GPA; R = Reading GPA; T = Total GPA,; 6G = 6™ Grade GPA; 7G = 7" Grade GPA.

DISCUSSION and CONCLUSION

The purpose of the present study was to determine whether there were similarities or differences
among three models commonly used for value-added assessment of schools. The simplest model was
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the SFEM. This model treats school effects as fixed. Two hierarchical linear models were also
included. Each model has distinguishing characteristics and different assumptions. Value-added
estimates of individual schools obtained from these models were analyzed to compare results from
the different models on the estimates.

The primary question was to investigate whether results from simpler models, such as the SFEM,
differed as effective as the more complex models such as AHLMM in terms of school rankings.
Previous research has found that little difference between the results of simple and complex value-
added models in that correlations between estimates from SFEM and AHLMM models ranged from
.55 to .85 (Tekwe et al., 2004). Results from this study were somewhat consistent with previous
research in that the simple model produced similar rank orders of school effects with the more
complex AHLMM. Based on these results, it may be concluded that simple models were as effective
as more complex models at estimating value added effects of schooling. Further, simpler models
generally could be used in place of more complex models such as AHLMM. There is typically a
desire for using simpler statistical models among policy makers as well as the general public. Results
of the present study tend to support the use of simpler models such as the SFEM in value-added
accountability systems.

Another concern in value-added studies is to determine the impact of the inclusion of school and
student background variables into models on model estimates. Among the models in this study, only
the AHLMM includes statistical adjustments for these potentially confounding variables. Tekwe et
al. (2004) suggested that both inclusion and exclusion of these variables during the analysis result in
biased estimates of schools. In this study, the estimates from the AHLMM model were compared to
estimates from other models to determine the effects of these covariates. No major differences were
observed between results of the AHLMM, the UHLMM and the SFEM. Correlations between
estimates from the AHLMM and SFEM ranged from .55 to .85. Correlations between results from
the AHLMM and the UHLMM also ranged from .54 to .85. These correlations were mostly
consistent with results from previous research. Consistent with previous research, inclusion of these
covariates did have an effect on value-added estimates. The omission of covariates from the model
appeared to bias parameter estimates when students were stratified by those covariates (McCaffrey et
al., 2003).

The present study also reported on standardized GPA grading and rankings of each school based on
value-added estimates from each model. These results were consistent with the correlational
analysis. VAM-based rankings of schools showed differences over grades. It should be noted that the
conclusions drawn from this study cannot be generalized to teachers or to other test conditions.

Although, value-added models are believed to be useful in school accountability system, the
credibility of these methods have been questioned by a number of researchers (AERA, 2015,
Amrein-Beardsley, 2014; Ballou & Springer, 2015; Guzman, 2016; The American Statistical
Association (ASA), 2014). Amrein-Beardsley (2014), emphasized that VAMSs have several problems
with reliability, validity, and bias, affecting their fairness and transparency. In addition to these
serious problems, theoretical and methodological assumptions of VAMSs have also been questioned
in the literature. Thus, school (or teacher) performances should not be based on only value-added
measures obtained from any of the VAMs described in this study. As Amrein-Beardsley (2014)
suggested multiple measures and more holistic evaluation systems should be used for school
evaluations rather than relying only on VAMs.
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GENIS OZET

Girig

Son yillarda, okullarin etkililigi ve hesap verebilirligi konularina ilgide diinya ¢apinda bir artig
gozlenmektedir. Bu konulardaki ilk uygulamalar, 6grencilerin mevcut basart durumlarini kullanmaya
odaklanmistir. Mevcut durum yaklasimi, farkli kademedelerdeki Ogrencileri tek bir zaman
noktasinda (genellikle donem sonunda) karsilagtirmaya dayanmaktadir (Doran ve Izumi, 2004).
Egitimciler, bir seferlik test puanini kullanarak 6grencilerin performansi iizerindeki okul etkilerini
tahmin etmenin ¢ok dogru bir yol olmadigimi diistinmektedir. Bu nedenle hesap verebilirlik
sisteminde okul etkinligini degerlendirmenin alternatif yollar1 aranmistir. Bu yeni yaklagimlar
ogrencilere okulda yi1l boyunca yapilan iyilestirmeler iizerine odaklanmaktadir. Arastirmacilar etkili
okullar1 belirlemek i¢in bireysel 6grenci basar1 puanlarini zamanla beraber kullanmalarini saglayan
katma-degerli degerlendirme (KDD) fikrini gelistirmistir. Tekwe ve digerleri (2004)’e gore “Katma
deger ifadesi bir yildan digerine okul ya da d6gretmenin degerlendirilmesi yontemlerini ifade eden ve
daha sonra bu olgiitiin bir performans degerlendirme sistemi igin temel teskil etmesinde kullanilan
bir terimdir” (s.31). KDD’nin O6nciileri, KDD’nin yalnizca bir yilin basarisin1 dlgen standart
testlerden elde edilen sonuglardan (mevcut durum yaklagimi) daha adil ve daha dogru tahminler
irettigini iddia etmektedir. KDD’nin birincil amaci 6gretmenlerin veya okullarin 6grencilerin
gelisimine olan etkilerini belirlemektir (Raudenbush, 2004). KDD sistemi, okullar1 6grencilerin bilgi
diizeylerini nasil arttirdiklarina gére degerlendirmeye dayanir.

Bugiine kadar, okul etkililiginin degerlendirilmesinde basit gelisim puanlarindan karmasik karma
modellere kadar degisen ¢esitli alternatif modeller (Katma-Degerli Modeller; KDM) o6nerilmis
olmasina ragmen bu modelleri karsilastiran sinirli sayida ¢alisma bulunmaktadir (McCaffrey vd.,
2003; Tekwe ve digerleri, 2004; Weiss, 2006). Hesap verebilirlik sistemlerinde yeni KDD
yaklagimlarim1 benimseyerek problemlere ¢oziim bulmak adima hangi modelin en etkili ve hangi
modelin en kolay uygulanabilir oldugunun gdsterilmesinin uygulamacilar adina faydali olacag
diisiiniilmektedir. Herhangi bir KDD modeli geleneksel yontemlerden daha istiin olmakla birlikte
devletlerin hesap verebilirlik sistemlerinin (karmasikligindan o6tiiril) KDM’leri kullanmadaki
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isteksizligi gozlenmektedir. KDM’ler agisindan daha basit modellerin daha karmagik modeller kadar
etkili oldugunu gosteren calismalara uygulamacilarin fikrini degistirmek adina ihtiyag
duyulmaktadir.

KDM’lerin geleneksel yontemlerden daha etkili oldugu goriisiiniin yaninda bu modellerin ve
dayandigi istatistiksel uygulamalarin dogru ve giivenilir sonuglar {iretmedigini ileri siiren
caligmalarin oldugu da unutulmamalidir (Guarino, Reckase ve Wooldridge, 2015; Manzi, San Martin
ve Van Bellegem, 2014; Schochet ve Chiang, 2010; Wiley, 2006).

KDD kapsaminda gelistirilen modeller farkli varsayimlara dayanarak okul katma degerlerini
hesaplamaktadir. Ornegin, bazi modeller okula ait ve okul dis1 diger degiskenleri hesaba katmazken,
bazi modeller bu faktorleri istatistiksel diizenlemelerle kontrol etmeye c¢alismaktadir. Florida
Comprehensive Assessment Testi’'nden (FCAT) elde edilen sinav puanlarini kullanarak; bu
calismada, okula ait ve okul dis1 faktdrlerin okul diizeyindeki katma-deger puanlarina etkileri
arastirllmig ve KDM’lerin karmasikligi konusu iizerine 1sik tutulmaya calisilmistir. Bu iki konu
baglaminda uygulayicilar ve egitim yoneticileri i¢in en faydali modeli/modelleri belirlemek amaciyla
en yaygin olarak kullanilan ii¢ katma-degerli model incelenmistir. Bu ¢alimada cevaplanmaya
calisilan temel soru: “Okul etkinliginin katma-degerli degerlendirilmesi i¢in karmasik istatistiksel
modellere gercekten ihtiyacimiz var mi, yoksa daha basit modellerle daha karmasik modellerle
oldugu kadar okul etkililigini etkin bir sekilde degerlendirebilir miyiz?”

Yontem

Bu c¢aligmada, 2003 yilinda Florida eyaletinde bulunan orta okul (6-8. smiflar) 6grencilerine ait
verilerin ayr1 ayr1 analizleri yapilmgtir. Ogrencilerin FCAT matematik ve okuma testlerinden 2002
ve 2003 yillarinda aldiklar1 puanlar biiyiik bir bolgedeki 44 okulun katma-degerlerini tahmin etmek
icin analiz edilmistir. Analizlerde sadece standart miifredati takip eden 6grenciler kullanilmistir; 6zel
egitim dgrencileri ve simirli Ingilizce yeterlik programinda iki veya daha az yil gegiren dgrenciler de
analizlerin disinda tutulmustur. Bu ¢alismada toplam 60.718 6grenci bulunmaktadir. Yoksulluk
durum bilgisi, bir 6grencinin {icretsiz 6gle yemegi alip almayacagina bagli olarak belirlenmistir.
Diger okul dig1 degisken, etnik koken degiskeni olarak tanimlanmistir. Bu ¢aligmada, okul etkililigi
baglaminda ti¢ popiiler KDM (basit sabit etki modeli (SFEM) ve iki hiyerarsik dogrusal model
(diizeltilmis HLM: AHLMM ve diizeltilmemis HLM: UHLMM)) incelenmistir.

Bulgular ve Sonug

Bu c¢alismada kullanilan katma-degerli modellerden elde edilen okul katma deger tahminleri,
modellerin farkli 6zelliklerinin bu tahmin degerleri ve okul etkililigini belirlemedeki etkilerini
gormek igin incelenmistir. Birincil soru, SFEM gibi daha basit modellerin okul siralamasi agisindan
AHLMM gibi daha karmasik olan modeller kadar etkili olup olmadigim arastirmakti. Onceki
arastirmalar, basit ve karmasik modellerin sonuglar arasinda ¢ok az farkliliklar oldugunu bulmustur
(Tekwe ve digerleri, 2004). Bu calismadaki analizlere gére SFEM ve AHLMM arasindaki
korelasyon ,55 ile ,85 arasinda degismektedir. Bu c¢aligmanin sonucu Tekwe ve digerleri (2004)
bulgulariyla kismen tutarlilik gdstermektedir. Basit model (SFEM) okul siralamasi agisindan
AHLMM ile benzer siralamalar {iretmistir. Ayrica, basit modellerin karmasik modeller kadar etkili
oldugunu ve bu basit modelin (SFEM) ¢alismada ele alinan daha karmasik modellerin (AHLMM ve
UHLMM) yerine gegebilecekleri sonucuna varilmistir. Uygulamacilar arasinda daha basit
istatistiksel modelleri kullanma istegi oldugundan, bu sonuglar 6nceki arastirmalara ek olarak basit
modellerin de karmagik modeller kadar hesap verebilirlik sisteminde etkili olabilecegini
gostermektedir.

Bu ¢alismada okula ve Ogrenciye ait degiskenlerin katma-deger tahminleri {izerine etkisi de
incelenmistir. Modeller arasinda sadece AHLMM okul tahmin degerlerini etkileyebilecek bu
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karistirict degiskenleri kontrol edebilen istatistiksel diizeltmelere sahiptir. Tekwe ve digerleri (2004),
KDD analizlerinde bu degiskenlerin modele dogrudan dahil edilmesinin veya tamamiyla g6z ardi
edilmesinin, okullar hakkinda yanli tahminler elde edilmesine yol actigini belirtmektedir.
Arastirmacilar bunu yapmak yerine bu degiskenleri istatistiksel olarak kontrol edebilen modellerin
kullanilmasini tavsiye etmektedir. Calismamizda AHLMM’de bu degiskenlerin etkisini gdérmek icin
karsilagtirmalar yapilmistir. AHLMM’nin sonuglar1 ile UHLMM’nin ve SFEM’nin sonuglari
arasinda belirgin bir farklilik bulunamamigtir. Genel olarak, bu es degiskenlerin dahil edilmesinin,
katma degerli tahminler {izerinde biiyiik bir etkisi oldugu sonucuna varabiliriz. Bu sonucun ayn
zamanda Tekwe ve digerleri (2004)’iin yorumlariyla da uyumlu oldugu goriilmektedir. Sonuglara
dayanarak, ogrencilerin farkli arka planlara sahip oldugu durumlarda diger VAM’lara nazaran
AHLMM nin tercih edilmesini tavsiye edebiliriz.

Calismamizin simirhiliklarindan birisi de okul degerlendirmesinde siklikla kullanilan LMEM’nin
kullanmis oldugumuz veri yapisindan dolay1 ¢alismaya dahil edilmemis olmasidir. LMEM, okul,
konu ve yil agisindan ¢oklu durumlart dikkate alan giiglii bir modeldir. Iki yillik veri ve istikrarli
ogrenciler nedeniyle LMEM'nin gercek etkisini calismamizda goéremeyecegimiz diislincesiyle
analizler arasina eklenmemistir. Cok degiskenli yontemin okulun etkinligi iizerindeki etkisini
gormek i¢in daha fazla aragtirmanin farkli veriler kullanarak yapilmasi onerilir.

Sonug olarak, hesap verebilirlik sistemini sekillendirmede KDM’lerin 6nemli bir rolii oldugu bu
calismada gosterilmeye calisilmistir. Bu calismada elde edilen bulgular Florida Eyaletinde
uygulanan FCAT sinavindan elde edildigi i¢in, ¢alismanin bulgularinin diger eyaletlere ya da
tilkelere genellenip genellenemeyecegi kesin olmamakla beraber alan yazinda KDD modellerinin
kullanima dair ek kanitlar sundugu aciktir. Ayrica bu calismada katma-degerli degerlendirme
yaklagimi ve uygulanmasinda kullanilan modeller tartisildigi i¢in ¢alismanin okul etkililigi iizerine
caligan yoneticiler ve egitimciler i¢in faydali olacagi diisliniilmektedir. Yurt diginda bircok iilkede
tercih edilen ve okul performansinin degerlendirilmesinde kullanilan bu modellere ait ayrintili
aciklamalar iceren bu calismanin iilkemizde bu modelleri uygulamak isteyen arastirmacilara
yardimci olacagi diistiniilmektedir.
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Appendices

Appendix A. Grade 6 Math Estimates

Table 5. Estimates of the School Effects Obtained from Three VAMs Based on Grade 6 Math
Results

SFEM UHLMM AHLMM

Rank* Estimate School ID Estimate School ID Estimate School ID
1 54.126 34 47.539 25 43.963 25
2 50.883 10 45.621 13 22.978 19
3 46.729 41 41.297 19 19.502 6
4 43.380 39 39.370 34 18.071 22
5 32.629 42 29.861 41 17.040 13
6 32.055 14 28.624 6 14.723 32
7 31.476 16 27.787 10 14.085 37
8 25.660 11 23.992 14 11.225 23
9 24.598 13 22.195 11 10.468 31
10 24.186 1 21.982 8 10.446 41
11 24.036 28 21.971 42 10.196 4
12 22.312 6 19.878 12 9.751 27
13 21.740 26 19.528 37 9.287 12
14 19.308 12 17.133 39 9.253 34
15 10.485 8 9.613 29 7.079 11
16 10.254 7 9.203 36 7.000 42
17 9.985 33 8.964 4 6.872 30
18 8.621 2 7.843 28 5.885 8
19 7.804 43 6.678 22 4.198 38
20 6.766 36 5.929 24 3.468 10
21 3.580 30 3.196 26 2.105 29
22 1.377 38 1.181 38 1.489 39
23 0.695 18 0.552 5 1.349 36
24 -4.603 24 -4.034 15 1.149 14
25 -6.922 19 -6.003 31 1.092 9
26 -9.650 15 -8.645 17 -1.146 24
27 -9.718 29 -8.779 32 -3.735 17
28 -10.151 25 -9.158 23 -4.549 5
29 -10.366 31 -9.277 2 -4.838 3
30 -13.212 23 -11.659 7 -5.679 28
31 -13.489 37 -12.163 40 -6.250 20
32 -18.218 20 -16.900 1 -6.839 18
33 -19.810 40 -17.065 27 -7.952 15
34 -20.228 17 -18.407 9 -9.202 44
35 -21.194 32 -19.345 20 -9.377 7
36 -21.681 35 -19.563 30 -10.226 26
37 -24.274 4 -22.656 16 -12559 35
38 -32.380 5 -28.937 3 -14.295 40
39 -33.237 3 -29.809 21 -15.309 2
40 -34.008 22 -30.654 18 -17.635 21
41 -50.386 44 -41.325 44 -23.673 16
42 -53.935 21 -45.737 43 -26.979 1
43 -58.680 9 -49.734 33 -39.858 43
44 - 27 -50.094 35 -42.581 33

Note. Only the school rankings based SFEM estimates were presented in the table. Estimate represents fixed effect
estimates for SFEM while random effects estimates are presented for UHLMM and AHLMM. SFEM = Simple fixed
effects model, UHLMM = Unadjusted hierarchical linear model, AHLMM = Adjusted hierarchical linear model.
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Appendix B. Grade 6 Reading Estimates
Table 6. Estimates of the School Effects Obtained from Three VAMs Based on Grade 6 Reading
Results

SFEM UHLMM AHLMM

Rank* Estimate School ID Estimate School ID Estimate School ID
1 60.918 25 44.015 25 -24.438 36
2 48.315 10 35.401 10 -23.498 33
3 36.844 13 27.928 13 -16.870 43
4 27.022 34 21.091 34 -14180 1
5 24.526 39 19.427 14 -13.321 21
6 23.067 14 18.243 28 -11.845 42
7 22.844 28 18.239 39 -10.927 35
8 22.459 8 17.915 8 -10.611 38
9 17.803 26 13.995 26 -9.648 24
10 15.573 19 12.195 11 -8.487 6
11 15.465 2 11.993 2 -6.880 9
12 15.173 11 11.402 19 -6.373 16
13 12.764 29 10.336 29 -5.099 4
14 11.373 27 7.840 20 -4,015 41
15 10.610 20 7.753 27 -4.011 17
16 10.071 12 7.536 12 -2.407 18
17 8.149 5 6.051 5 -1.944 40
18 6.386 32 4.879 32 -1.771 15
19 5.408 40 4,064 40 -0.895 5
20 3.358 23 2.388 23 -0.093 37
21 3.189 15 2.180 15 0.115 7
22 2.815 31 1.899 31 0.587 12
23 1.086 7 0.756 7 2.018 3
24 0.765 37 0.560 37 2.194 22
25 -1.526 41 -1.245 41 2.909 19
26 -6.618 22 -4.619 22 3.048 44
27 -7.420 16 -6.164 16 3.343 26
28 -9.302 17 -6.806 17 3.457 29
29 -12984 4 -9.036 44 3.732 2
30 -13.007 3 -9.660 24 3.736 11
31 -13.095 24 -9.730 3 4714 30
32 -14.541 1 -10.055 4 5.163 14
33 -16.027 30 -11.841 1 6.266 8
34 -17.307 6 -12910 30 6.417 34
35 -19.570 42 -13.058 6 6.687 28
36 -22.921 18 -14.798 42 7.251 39
37 -24.321 43 -18.471 18 8.767 20
38 -25.337 38 -18.894 43 9.931 31
39 -26.937 21 -19.247 21 10.142 23
40 -29.138 9 -19.764 38 11.042 13
41 -35.153 33 -22.641 9 13.489 27
42 -44.516 36 -28.362 33 14.161 32
43 -54.027 35 -34.359 36 15.269 10
44 - - -36.434 35 32.868 25

Note. Only the school rankings based SFEM estimates were presented in the table. Estimate represents fixed effect
estimates for SFEM while random effects estimates are presented for UHLMM and AHLMM. SFEM = Simple fixed
effects model, UHLMM = Unadjusted hierarchical linear model, AHLMM = Adjusted hierarchical linear model.
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Appendix C. SAS Codes Used for Model Estimations

*/ SAS Code for Modell (SFEM)*/;
proc glm data=GRADES;

model cahangem = S1 - S43/solution; run;

*/ SAS Code for Model2 (UHLMM)*/;

proc mixed data=GRADES;

class student;

model changem =;

random intercept / type = un sub = school solution;

repeated /type = un sub = student; run;

*/ SAS Code for Model3 (AHLMM)*/;

proc mixed data=GRADES;

class student min pov;

model changem = Z1M Z2 V1 min pov;

random intercept/type= un sub = school solution;
repeated/type = un sub = student; run;
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Abstract

This study aims to address reverse scored item and the number of response categories problems in Likert-type
scales. The Fear of Negative Evaluation Scale (FNES) and the Oxford Happiness Questionnaire (OHQ) were
used as data collection tools. The data of the study were analyzed according to the Rasch model. It was found
that the observed and expected test characteristic curves were largely overlapped, each of the three rating
scales worked effectively, and the differences between response categories could be distinguished successfully
by the participants in straightforward items. On the other hand, it was determined that there were significant
differences between the observed and expected test characteristic curves in reverse scored items. According to
the results the participants could not distinguish the response categories of the reverse scored items at three,
five and seven-point rating versions of both scales. Hence, the reverse scored items were removed from the
data file, and the analysis was repeated. The results revealed that item discrimination, reliability coefficients
for person facet, separation ratios and Chi square values calculated for the facets of person and items were
higher in five-pointed rating compared to three and seven pointed rating. Based on these results it can be said
that the scale categories in reverse scored items could not be discriminated by responders at all type of rating,
and that reverse scored items did not measure the same latent structure as straightforward items did.

Key Words: Likert type scale, reverse scored item, number of response categories, Rasch model

Oz

Bu arastirmada Likert tipi 6lgeklerde olumsuz madde ve kategori sayist sorununun ele alinmasi amaglanmustir.
Caligmada veri toplama araci olarak Olumsuz Degerlendirilme Korkusu Olgegi (ODKO) ile Oxford Mutluluk
Olgegi (OMO) kullanilmustir. Arastirma kapsaminda toplanan veriler Rasch modeline gére analiz edilmistir.
Analiz sonucunda; ODKO ile OMO’deki olumlu maddelerde gozlenen ve beklenen test karakteristik
egrilerinin biiyiik 6l¢iide ortlistiigii, her ii¢ kategori sayisinin da etkin bir bicimde ¢alistig1 ve dlgek kategorileri
arasindaki farklarm katilimcilar tarafindan basarili bir bicimde ayirt edildigi belirlenmistir. Ote yandan
olumsuz maddelerde gozlenen ile beklenen test karakteristik egrileri arasinda onemli farkliliklar oldugu
saptanmistir. Uc, bes ve yedili derecelendirmeden hangisi kullamlirsa kullamlsim, ODKO ile OMO’deki
olumsuz maddelerde kategorilerin katilimcilar tarafindan ayirt edilemedigi tespit edilmistir. Bu tespitin
ardindan olumsuz maddeler veri dosyasindan ¢ikarilarak analiz tekrarlanmistir. Elde edilen bulgular; madde
ayirt ediciligi, birey ylizeyine iligkin giivenirlik katsayisi ile birey ve madde yiizeyleri i¢in hesaplanan ayirma
orani ve Ki Kare degerlerinin besli derecelemede iiclii ve yedili derecelemeye gére daha yiiksek oldugunu
gostermistir. Bu bulgular, t¢li, besli ya da yedili derecelemeden hangisi kullanilirsa kullanilsin olumsuz
maddelerde 6l¢ek kategorilerinin cevaplayicilar tarafindan ayirt edilemedigine ve olumsuz maddelerin olumlu
maddelerle ayn1 ortiik yapiy1 6lgmedigine isaret etmektedir.

Anahtar Kelimeler: Likert tipi 6l¢ek, olumsuz madde, kategori sayisi, Rasch modeli
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INTRODUCTION

Likert type scales were introduced to the literature by Rensis Likert in 1932 (Likert, 1932). A
number of statements are presented to participants in such scales and they state the extent to which
they agree with the statement on a continuum ranging between strongly agree and strongly disagree
or between very appropriate to me and not appropriate to me at all (Erkus, 2003). The development
and implementation of Likert type scales are easier than other measurement tool (Ahlawat, 1985;
Tezbagaran, 1997; Tavsancil, 2010). Therefore these scales are frequently used in research in social
sciences, psychology and educational sciences (Adelson & McCoach, 2010; Chang, 1994). Due to
their common use, a great number of studies were performed in relation to determining how changes
in the format of Likert type scales affect the psychometric properties of measurements. How reverse
scored items used in Likert type scales influence measurement results, and what the most appropriate
number of response categories is in such scales are the two basic issues considered in the studies
(Preston & Colman, 2000).

The Problem of Reverse Scored ltem

One of the most fundamental problems in Likert type scales is about how useful the reverse scored
items are in such scales, and about how validity and reliability are influenced by them. Reverse
scored items are also known as negative items, and the high scores received from these items
indicate that participants have the measured psychological structure at low levels (Chiorri, Anselmi
& Robusto, 2009). Developing the scale in a manner as to include reverse scored as well as
straightforward items is a commonly preferred practice in order to prevent response sets based on
stereotyped judgement and to reduce bias in responses such as affirmation or agreement, and social
desirability (Hooper, Arora, Martin & Mulis, 2013; Van Sonderen, Sanderman & Coyne, 2013).
However, there can also be disadvantages in using straightforward and reverse scored items together
in the scale (Zhang, Noor & Savalei, 2016). Hence, DeVellis (2003) calls attention to the fact that
there can be a cost in including reverse scored items in the scale, and says that those items can cause
confusion in responders. It is possible to come across with empirical studies overlapping with this
view of DeVellis (2003) in the literature. For instance, Schrieheim and Hill (2003) conclude that
reverse scored items which are used to raise validity by reducing acquiescence response bias cause
decrease in validity on the contrary. Chamberlain and Cummings (1984) compared the reliability
coefficients of the form containing straightforward and reverse scored items with those of the form
containing only straightforward items. In consequence, they found that the reliability coefficient for
the form containing only straightforward items was higher. Hooper et al (2013) found that reverse
scored items made measurement models complicated and that they caused inclusion of variance
irrelevant to the measured structure in results. Locker, Jokovic and Allison (2013) found that
straightforward and reverse scored items were in different factors, and this result was considered as
evidence for the fact that reverse scored items did not measure the same latent structure as
straightforward items did. Conrad et al. (2004) analysed the restrictions of reverse scored items
through Rasch analysis reaching similar conclusions, and they found that reverse scored items in the
scale caused a decrease in model-data fit. In contrast to these studies pointing to the fact that reverse
scored items did not work well and that they could threaten validity, Bergstrom and Luriz (1998)
found that straightforward and reverse scored items measured the same structure, and that using
these two types of items together was unobjectionable. Thus, it may be stated that there is no
consistency between research findings on how reverse scored items influence validity and reliability.

Number of Response Categories Problem

The most frequently preferred number of response categories in Likert type scales is five-pointed
rating recommended by Likert (1932) (Lozano, Garcia-Cueto & Muiiiz, 2008). However, a review of
literature demonstrates that differing number of response categories can be used and that the issue of
the most appropriate number is controversial. How the number of categories in the scale affects the
averages and variance values of measurements, the distribution of the data, and the skewness and
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kurtosis coefficients (Dawes, 2008), and what categories participants preferred more (Preston &
Colman, 2000) can be the subject matter of such controversy. In addition to that, the probable effects
of the number of response categories on the validity and reliability of measurements are also the
focus of those discussions (Turan, Simsek & Aslan, 2015).

On examining the studies concerning how the number of response categories in a scale affects
reliability, it was found that the majority of them (Aiken; 1983; Birkett, 1986; Chang, 1994;
Cicchetti Shoinralter & Tyrer, 1985; Halpin, Halpin & Arbet, 1994; Jenkins & Taber, 1977; Lissitz
& Green, 1975) were based on internal consistency reliability, and that relatively small portion of
them (Boote, 1981; Oaster, 1989; Ramsay, 1973; Weng, 2004) were based on the effects of test-
retest reliability. Those studies obtained inconsistent findings on the effects of response categories on
both internal consistency reliability and test-retest reliability. Studies performed by Aiken (1983),
Leung (2011), and Qasem, Almoshigah and Gupta (2014), for instance, found that the number of
response categories in a scale did not have any effects on internal consistency reliability. Weng
(2004), Lozano, Garcia-Cueto and Muniz (2008) and Maydeu-Olivares, Kramp, Garcia-Forero,
Gallardo-Pujol and Coffman (2009), on the other hand, concluded that internal consistency reliability
tended to rise in parallel to the increase in the number of response categories. While Matell and
Jacoby (1971) found that the number of response categories did not affect test-retest reliability,
Oaster (1989) and Weng (2004) reported that test-retest reliability rose with an increase in the
number of response categories.

An examination of the studies analysing the correlations between the number of response categories
in a scale and validity demonstrated that some of the studies tested the effects of the number of
response categories on construct validity, and that some others sought answers to the question of
whether or not criterion-based reliability differed according to the number of response categories
used. Varied results were obtained in relation to the effects of the number of response categories on
validity in the studies conducted. For example, Comrey and Montang (1982), and King, King and
Klockars (1983) found that the rate of total variance explained and factor loads was higher and factor
structure was more clear in seven-pointed rating than in two-pointing rating. Lozano, Garcia-Cueto
and Muiiz (2008) also found that the rate of variances explained in the factor analysis rose as the
number of response categories in the scale increased; and the result was interpreted as that the
increase in the number of response categories influenced validity in positive ways. In a similar vein,
Tarkan (2015) concluded that factorial validity increased as the number of response categories in a
scale increased. In contrast to these studies, Kim (1998) found in the study comparing three-pointed,
five-pointed, seven-pointed and nine-pointed rating in terms of validity and reliability that validity
was the lowest in three-pointed rating, medium in seven-pointed rating, and it was higher in five and
nine-pointed rating. The study conducted by Maydeu-Olivares (2009) found that model-data fit
decreased as the number of response categories in a scale increased.

There is no overlap between the findings for the effects on criterion-based validity as in the findings
concerning the effects of the number of response categories on construct validity. In the study
performed by Chang (1994) where four-pointed and six-pointed ratings were compared
psychometrically, it was found that the number of response categories did not have any effects on
criterion-based validity. In a similar way, Qasem, Almoshigah and Gupta (2014) also concluded that
there were no significant differences between the criterion-based validity coefficients of the scales
with two, three and five-pointing rating. Loken, Pirie, Virnig, Hinkle and Salmon (1987), on the
other hand, point out that criterion-based validity is influenced by the number of response categories
and that the criterion-based validity coefficients obtained from 11-pointed rating are higher than
those calculated from three or four-pointed rating. However, Preston and Colman (2000) found that
the criterion-based validity coefficients of the scales using two, three and four-pointed rating were
lower, and the criterion-based validity coefficients of the scales with five or more categories were
higher. Besides, it was also found that there were no statistically significant differences between the
criterion-based validity coefficients of the scales having differing numbers of response categories.
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The Purpose and Significance of the Study

This study has basically two purposes. First, it aims to determine the extent to which reverse scored
items in Likert type scales are functional. In accordance with this aim, i) whether or not scale
categories functioned in the same way in straightforward and reverse scored items was evaluated,; ii)
efforts were made to determine whether or not those items measured the same latent structure by
comparing the test characteristic curves for those straightforward and reverse scored items. The
operations mentioned were performed separately for Likert type scales having three, five and seven-
pointed rating; and thus it was checked whether or not the functioning of the reverse scored items
was influenced by the number of response categories in scales. Secondly, the study aims to exhibit
the effects of the number of response categories used in Likert type scales on the psychometric
properties of measurements. In line with this purpose, Likert type scales having three, five and
seven-pointed rating were compared in terms of reliability and model-data fit. In this way, validity
was not ignored while the effects of the number of response categories on reliability were being
analysed. This is quite important to make study results more meaningful because, as it is also pointed
out by Cronbach (1950), it is worthless to increase reliability on its own and validity should also be
taken into consideration in order to be able state that a certain number of response categories raising
reliability is appropriate.

This study differs from the previous studies in the literature in several aspects. Therefore, it is
predicted that the study will contribute significantly to the relevant literature. Firstly, the number of
response categories and reverse scored items are considered separately in the studies available in the
literature. This situation leaves the question of whether the differences in the number of response
categories in Likert type scales have the same effects on straightforward and reverse scored items
unanswered. In other words, while the most appropriate number of response categories for Likert
type scales was investigated in the studies in the literature, general evaluations were made based on
the items, but the effects of the number of response categories on straightforward and reverse scored
items were not tested separately. Because this current study considers the number of response
categories and the problem of reverse scored items together, it will be possible here to reveal how the
differences in the number of response categories influence measurement results separately for
straightforward and reverse scored items. Hence, this study differs from other studies in the literature
in this respect.

Secondly, all of the studies in the literature aiming to determine the most appropriate number of
response categories in Likert type scales and the way reverse scored items used in those scales affect
the psychometric properties of measurements were conducted in other cultures. No studies are
available in relation to Turkish culture. Yet, cultural properties have significant effects on the
responses given to Likert type items. The significant effects were shown in many studies in the
literature. For instance, Bachman and O’Malley (1984) found that there were differences between
sets of responses given by white and black individuals in the USA, and that the likelihood of the
blacks to use the extreme points in Likert type scales was higher than that of whites. Stening and
Everett (1984), however, found that the likelihood of Japanese people to use the middle points was
higher than that of American or British people in answering the Likert type scales. Huri and Triandis
(1989) compared the sets of responses given by Spanish and non-Spanish participants through a
Likert type scale of five and ten-point rating. Accordingly, it was shown that Spanish participants
used the extreme points of the scales more frequently than the others. In addition to that, it was also
found that the sets of extreme responses given by Spanish participants decreased on using 10-pointed
rating, and that the answers given by non-Spanish participants were not influenced by the number of
response categories in the scale. In a study conducted by Hofsteder (1998), it was found that the
participants living in masculine cultures used extreme points more in answering the scale items, but
that the participants coming from dominantly feminine cultures tended to use answers in the middle
points. Lee, Jones, Mineyama and Zhang (2002) found that the likelihood of the Japanese and the
Chinese to choose the middle points in Likert type scales was higher than that of Americans.
Whether individualism or collectivism has priority in cultures is another issue influential in
responses to Likert type scales. Johnson, Kulesa, Cho and Shavitt (2005) found that the probability
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of giving responses corresponding to the extreme points in the scale was higher in cultures where
individualism is stressed. In cultures where collectivism is dominant, on the other hand, it was more
probable to give responses in the middle points of the scale. Hooper et al. (2013) studied how reverse
scored items in mathematics self-efficacy scale which was applied in Trends in International
Mathematics and Science Study (TIMSS) worked. Accordingly, it was found that the effects of
reverse scored items on model-data fit differed from one country to another. On considering these
studies indicating that cultural factors influence the responses to Likert type scales, it may be said
that it is difficult to generalise the conclusions reached in studies conducted in different cultures into
Turkish culture. In this sense, it is hoped that such a study to be performed would contribute to
literature.

Thirdly, although there are numerous studies in the literature trying to determine whether or not the
psychometric properties of Likert type scale differ according to the number of response categories in
a scale, they dominantly use methods based on Classical Test Theory (CTT). For this reason, there
can be some points in which the above mentioned studies are inadequate in answering the question
of how the psychometric properties of measurements are influenced by the number of response
categories used in a scale. One such point is that CTT-based reliability calculations in Likert type
scales are restricted to item reliability. According to CTT, variability observed between individuals
all stems from the personal differences of participants. Therefore, a reliability coefficient is not
reported for individuals in CTT (Tasdelen, Giiler & Kaya Uyanik, 2015). In Rasch model, however,
individuals in addition to items are considered as the sources of error. Thus, reliability coefficients
are calculated for both items and persons in the Rasch analysis. In this context, using the Rasch
model in this study will enable us to determine the effects of the number of response categories on
reliability for both items and persons (Giiler, ilhan, Giineyli & Demir). Another point in which CTT
is inadequate in determining whether or not the adopted number of response categories is appropriate
is that it does not inform one of category statistics. To put it in more clear terms, it is impossible in
CTT to make an evaluation on whether or not participants can distinguish between the sequential
points of scale categories. In Rasch analysis, on the other hand, a table of category statistics is
reported, and it is possible to make inferences about how well participants can distinguish between
scale categories by analysing the table.

Finally, it is evident that the studies in the literature investigating the problem of reverse scored
items in Likert type scales use one single tool of measurement. This current study, however, employs
two different scales. In the first scale to be used in this study (Happiness Scale), high scores indicate
positive properties for participants whereas in the other scale (The Fear of Negative Evaluation
Scale) high scores represent negative properties for participants. Thus, it will be possible in this
study to determine whether or not reverse scored items function in the same way in scales where
high scores represent desired properties (such as self-respect, self-efficacy and job satisfaction) and
in measurement tools where high scores represent undesired properties (such as anxiety, burnout and
stress). It is thought that the study is also original in this respect and that it will contribute to the
literature.

METHOD
Study Group

The study was conducted with two different groups which were composed of 312 university students
in total. The first group consisted of 197 participants, 112 (56.90%) of whom were female and 85
(43.10%) were male. The participants’ ages ranged between 17 and 34 in this group, with average
age of 21.66. The second group consisted of 115 participants, 64 (55.70 %) of whom were female
and 51 (44.30 %) of whom were male. The ages in this group ranged between 18 and 32, with
average age of 21.72.

Data Collection Tools
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The Fear of Negative Evaluation Scale (FNES) and The Oxford Happiness Questionnaire-Short
Form (OHQ-S) were used as the tools of data collection.

The Fear of Negative Evaluation Scale (FNES)

The FNES, which was developed by Leary (1983), was adapted into Turkish by Cetin, Dogan and
Sapmaz (2010). The original form of the scale, which was in five-pointed Likert type, contained 12
items. The Turkish version of the scale, however, it was found that the discrimination index of item
four in the original form was negative. Therefore, the item was removed from the scale. Through
explanatory factor analysis (EFA) performed with the remaining 11 items, a one-factor structure
explaining 40.19% of the total variance was obtained. In consequence of confirmatory factor
analysis (CFA), the fit indices for the one-factor model were found as: RMSEA=.062, NFI=.96,
CFI=.98, IFI=.98, RFI=.95, GFI=.95 and AGFI=.92. It was determined that factor loads ranged
between .44 and .78 in EFA, and between .37 and .74 in CFA. Internal consistency, split-half
reliability, and test-retest reliability coefficients calculated for FNES were found to be .84, .83 and
.82 respectively. Eight of the 11 items in the Turkish version of FNES were straightforward items
containing statements for worries about fear of negative evaluation. The remaining three items were
reverse scored items stating that there were no worries about fear of negative evaluation.

The Oxford Happiness Questionnaire-Short Form (OHQ-S)

OHQ-S was developed by Hills and Argyle (2002), and was adapted into Turkish by Dogan and
Akinct Cotok (2011). The scale is in six-pointed Likert type. It has eight items in its original form.
However, item four in its Turkish version was found to have low discrimination index (.17). Thus,
the item was removed from the scale, and validity and reliability studies were conducted with the
remaining seven items. Following the EFA, a one-factor structure was obtained, as in the original
form of the OHQ-S. It was found in this one-factor structure that the rate of explained variance was
39.74%, and that the factor loads of the items ranged between .53 and .72. The findings obtained in
CFA showed that the one-factor structure of the Turkish version of the OHQ-S had adequate fit
indices [y*/sd=2.77, RMSEA=.074, AGFI=.93, GFI=.97, NFI=.92, CFI=.95, IFI=.95 RMR=.044]. In
consequence of reliability study, the internal consistency coefficient for the scale was found as .74,
and test-retest reliability as .85. Five of the seven items in the Turkish form of OHQ-S were
straightforward items indicating happiness whereas the remaining two were reverse scored items
containing statements of unhappiness.

Data Collection

The data were collected in the spring semester of 2015-16 academic year. The data collection tools
were administered to students in the classroom setting. Prior to the application, the participants were
informed of the purpose of the research, and only volunteers were participated to the study. The
FNES was applied to the first group, and the OHQ-S was applied to the second group in three, five
and seven-pointed rating types at intervals of one week. Only extreme points were labelled in all
three types of rating (strongly disagree = strongly agree), and the points between the two extremes
were not labelled. The thought that a clear labelling cannot be made in such an approach as in three,
five and seven-pointed rating (Seker & Gengdogan, 2006; Osteras et al., 2008) was influential in
adopting such an approach. That is to say, differences can be observed in measurement results in
Likert type scales depending on how clearly the points of a scale is labelled (Wyatt & Meyers,
1987). Therefore, it will not be possible to determine whether the findings are the results of
differences in the number of response categories or of uncertainty of labelling in relation to the
categories when labelling is used for all response categories in three, five and seven-pointed rating.
Setting out from this fact, only extreme points were labelled in all three type of scales (in three, five
and seven pointed rating).
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Data Analysis

The obtained data were analysed through the Rasch model by using the FACETS package
programme. Rasch model is a one-parameter model placed under the roof of item response theory
(Baker, 2001). Each source of variability capable of influencing measurement results is called a facet
in this model (Sudweeks, Reeveb & Bradshawc, 2004). Rasch model can be assessed under the titles
of two-facet or many-facet according to the number of facets it contains. In the two-facet model,
there are two sources of variability capable of influencing measurement results (Linacre, 2014)
- namely, items and persons. In many-facet model, however, in addition to items and persons, there
are also other sources of variability such as raters, or demographic properties for persons which can
influence measurement results (Knoch & McNamara, 2015). Sources of variability capable of
influencing measurement results are restricted to items and persons in this study. Therefore, two-
facet Rasch model was used in the analysis of the data collected in this study. The Rasch analysis
was carried out according to rating scale model and Joint Maximum Likelihood Estimation Method
(Unconditional Maximum Likelihood Estimation-UCON). Rasch analysis outputs are composed of
many tables and graphs such as category statistics, test characteristic curves, and measurement
reports for the facets of item and person. The tables and graphs were analysed in accordance with the
purpose of this study, and the analysis outputs on which each sub-purpose was based were shown in
Table 1.

Table 1. Statistical Indicators Considered for each Sub-purpose of the Study

Sub-purposes Statistical Indicators to be Considered

To determine whether or not scale categories function
in the same way in straightforward and reverse scored

The statistical indicators were analysed

Table of Categor
gory for Likert type scales having three, five

Statistics

items and seven-pointed rating separately to test

] ) Test the effects of the number of response
To flnq whether or not straightforward and reverse Characteristics categories on the functioning of reverse
scored items measure the same latent structure. Curve scored items.

To find determine the effects of response categories on  Reliability coefficients, separation ratio and Chi-square for the
reliability facets of item and person

To demonstrate the effects of the number of response

. S Infit and outfit statistics showing the model-data fit
categories on validity.

RESULTS

In this part of the results of the study are presented. First, category statistics table was analysed so as
to determine how actively three, five and seven-pointed rating worked. The category statistics for the
straightforward items in FNES and OHQ-S are shown in Table 2, and the category statistics for
reverse scored items are shown in Table 3.
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Table 2. The Category Statistics for the Straightforward Items in FNES and OHQ-S

FNES OHQ-S
Category  Frequency Avge Expected Outfit Frequency Avge Expected Outfit
and % Measure ~ Measure and % Measure ~ Measure

1 848 (54%) -1.44 -1.32 .9 81 (14%) -.56 -32 .8

g 2 563 (36%) -.70 -.82 .8 310 (54%) .36 40 7

= 3 165 (10%) -.10 -29 7 184 (32%) 1.33 1.17 9

1 465 (30%) -94 -.82 .8 60 (10%) -44 -.36 .8

2 492 (31%) -.65 -.64 7 60 (10%) -.20 -.06 .6

é 3 237 (15%) -.46 -.48 .8 146 (25%) 14 .20 .6

o 4 312 (20%) -.16 -31 .6 168 (29%) .52 48 .6
% 5 70 (4%) .07 -12 .8 141 (25%) .93 .82 9
b7 1 637 (40%) -54 -.49 .9 64 (11%) -.29 -23 9
2 286 (18%) -.49 -42 .6 48 (8%) -.18 -11 7

- 3 204 (13%) -.30 -35 .5 57 (10%) -.06 -.01 .8

% 4 167 (11%) -23 -29 .6 113 (20%) .09 .09 7

@ 5 113 (7%) -11 -23 5 101 (18%) .23 .20 .6

6 59 (4%) -.07 -17 7 75 (13%) .34 .32 .8

7 110 (7%) -.06 -11 .8 117 (20%) .50 45 9

Making at least 10 observations in each category of the scale (for instance in each of the categories
1, 2 and 3) is the first assumption to meet in order to be able to say that rating adopted in the scale
works actively (Linacre, 2014). According to Table 2, there are at least 10 observations for the
straightforward items in FNES and OHQ-S for each category of three, five and seven-pointed rating.
The second assumption to meet is that average measurements increase monotonously (Linacre,
2014). According to the Table, the average measurements in all three, five and seven-pointed rating
increase in parallel to the scale categories. In other words, there is a continuous increase in three-
pointed rating as moving from category 1 to category 3, in five-pointed rating as moving from
category 1 to category 5, and in seven-pointed rating as moving from category 1 to category 7. The
fact that outfit statistics are within the interval of .5 and 1.5 indicates that rating on which the scale is
based works well (Linacre, 2014). According to Table 2, the outfit statistics are in the .5 and 1.5
interval in all three types of rating. These findings mean that all assumptions are met to be able to
say that the rating used in the scale works actively. Thus, it may be said that all three types of rating
work properly with straightforward items in FNES and in OHQ-S. Having found this, the data in
Table 3 were analysed so as to determine how the scale categories worked with reverse scored items.
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Table 3. The Category Statistics for the Reverse Scored Items in FNES and OHQ-S

FNES OHQ-S
Category  Frequency Avge Expected Outfit Frequency Avge Expected Outfit
and % Measure Measure and % Measure Measure

1 155 (26%) 12 -.35 18 106 (46%) -1.14 -1.46 14

g 2 264 (45%) -.07* .04 11 107 (47%) -1.07 -.90 14

a 3 172 (29%) 17 49 1.3 17 (7%) -1.31* -42 1.9

1 47 (8%) .23 -14 1.8 89 (39%) -.62 -.90 15

2 189 (32%) 24 .02 1.8 61 (27%) -76* -.66 1.4

.fz: 3 104 (18%) 28 16 1.8 45 (20%) 74 -46 2.4

o 4 161 (27%) 14* 31 1.5 21 (9%) =24 -.26 1.1
= 5 90 (15%)  -.03* 47 2.0 14 (6%) -59% -.06 26
@ 1 106 (18%) .03 -14 2.0 88 (38%) -.45 -.60 1.3
2 95 (16%) -.08* -07 1.3 45 (20%) -51* -51 1.2

C 3 84 (17%) 07 -.01 15 34 (15%) -57* -42 2.2

> 4 76 (13%) 14 .05 1.0 26 (11%) -.49 -34 1.9

@ 5 41 (7%) 18 11 6 20 (9%) -36 -26 18

6 50 (8%) .06 16 15 6 (3%) -12 -19 7

7 139 (24%) .00* 21 1.7 11 (5%) -43* -12 2.3

The symbol (*) in the table shows that the assumption that average measurements increase in parallel to the scale categories
was violated.

According to Table 3, the assumption that there should be at least 10 observations in each scale
category in three, five and seven-pointed rating is met. However, the assumptions that the average
measurements increase along with scale categories and outfit statistics should be in the .5 and 1.5
interval are not met in any of the three, five and seven-pointed rating. Accordingly, it can be stated
that the scale categories cannot be distinguished by participants in reverse scored items in FNES and
OHQ-S, no matter which (three, five or seven-pointed) type of rating is used.

Following the category statistics, the test characteristics curves were analysed for FNES and OHQ-S
in order to decide whether or not straightforward and reverse scored items measured the same latent
structure. The test characteristic curves for straightforward items in FNES and OHQ-S are shown in
Figure 1.
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Figure 1. Test characteristic curves for straightforward items in FNES and OHQ-S.

As is clear from Figure 1, there are two lines — one of which is red and the other of which is blue on
test characteristic curves. The red straight line represents the expected test characteristic curve while
the blue line with crosses on it represents the observed test characteristic curve. The fact that there
are no significant deviations between the expected and the observed test characteristic curves
indicates model- data fit. Thus, it may be said that model-data fit is attained in all three types of
rating for the straightforward items in FNES and OHQ-S. The fit shows that the straightforward
items in FNES and OHQ-S can measure the latent structure which is targeted.
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Test characteristic curves for the reverse scored items in FNES and OHQ-S are shown in Figure 2.
According to Figure 2, there are important differences between the observed and the expected test
characteristic curves for the reverse scored items in FNES and OHQ-S regardless of the type of
rating. The differences show that the model-data fit is not attained in reverse scored items, and that
therefore the reverse scored items in FNES and OHQ-S do not serve to measure the targeted
structure. Accordingly, it may be said that the reverse scored items in FNES and OHQ-S do not
measure the same latent structure as the straightforward items in FNES and OHQ-S do.
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Figure 2. Test characteristic curves for reverse scored items in FNES and OHQ-S
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Since category statistics reveal that the scale categories in reverse scored items cannot be
distinguished by participants and since reverse scored items are found not to work in the same way
as straightforward items according to test characteristic curves, the reverse scored items in FNES and
OHQ-S were excluded while analysing the effects of rating type measurements on psychometric
properties. Thus, reverse scored items were removed from the scale and Rasch analysis was repeated
with straightforward items. Taking the confusing effects — which could stem from the fact that
reverse scored items had psychometric properties different from straightforward items- under control
was targeted in researching the effects of the number of response categories on validity and
reliability with this study. Table 4 shows the measurement report for the facet of persons in FNES
and OHQ-S in three, five and seven-pointed rating.

Table 4. The Measurement Report for the Facet of Person in FNES and OHQ-S in Three, Five and
Seven-Pointed Rating

FNES OHQ-S
Measure Infit Ouitfit Measure Infit Ouitfit
Mean -1.58 1.02 .99 .80 .98 .94
Standard Deviation 1.75 .58 .64 1.83 .79 77
g  Separation Ratio 1.57 1.53
£ Reliability 71 .70
Chi-square (%) 628.4 328.8
Degrees of Freedom 196 114
Mean -1.12 1.04 1.02 .63 1.00 .95
Standard Deviation 1.68 .78 .78 1.38 91 .82
lgm 2 Separation Ratio 2.17 1.79
§ L Reliability .82 .76
Chi-square (%) 897.5 359.6
Degrees of Freedom 196 114
Mean -.94 1.05 1.02 27 1.01 .98
Standard Deviation 1.28 91 .92 .85 .90 .84
§ Separation Ratio 1.56 1.51
& Reliability 71 .70
Chi-square () 743.9 285.5
Degrees of Freedom 196 114

According to Table 4, there are no significant differences in the infit and outfit statistics calculated
for the facet of person in FNES and OHQ-S. In all three types of rating, the infit and outfit statistics
calculated for the facet of person are in the interval of .5 and 1.5- which is acceptable (Linacre,
2014). Accordingly, model-data fit can be said to be attained. Linacre (2014) states that the fit
between a model and its data informs us of the validity of the data. Therefore, it may be stated that
there are no significant differences between three, five and seven-pointed rating types in terms of the
validity of data, and that the model-data fit is attained no matter what number of response categories
is used.

An examination of separation ratios and reliability values in Table 4 shows that the values reported
for three and seven-point rating types are very close. It was also found accordingly that the
separation ratio for five-pointed rating and reliability values were higher than those calculated in
three and seven-pointed rating. This separation ratio found for the facet of person in FNES and
OHQ-S, reliability and Chi-square values show that the latent property to be measured is
discriminated more successfully in five-pointed rating than in three or seven-pointed rating. After
measurements for the facet of person, the measurement reports for the facet of items were analysed.
The measurement report for the facet of item in FNES and OHQ-S in three, five and seven-pointed
rating types are shown in Table 5.
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Table 5. The Measurement Report for the Facet of Item in FNES and OHQ-S in Three, Five and
Seven-pointed Rating Types

FNES OHQ-S
Measure  Infit  Outfit IStC;:s Measure Infit Outfit gtcl)ar:s
Mean .00 1.00 .99 .53 .00 .99 .94 44
Standard Deviation .62 .10 15 .05 .98 14 .15 .05
] Separation Ratio 4.13 4.83
= Reliability .94 .96
Chi-square (3°) 119.8 89.5
Degrees of Freedom 7 4
Mean .00 .99 1.02 .64 .00 .99 .95 .52
Standard Deviation 42 22 .25 .06 .70 .24 .26 .07
? 3 Separation Ratio 4.60 6.04
8 @ Reliability 95 97
Chi-square (3°) 149.8 119.0
Degrees of Freedom 7 4
Mean .00 1.02 1.02 .62 .00 1.01 .98 45
Standard Deviation 21 13 21 .04 .39 .10 12 .06
§ Separation Ratio 3.54 5.55
& Reliability .93 97
Chi-square (3°) 96.0 107.1
Degrees of Freedom 7 4

On examining Table 5, it is observed that the infit and outfit statistics calculated for the facet of item
in FNES and OHQ-S are very close. In all three types of rating, the infit and outfit statistics are
within the interval of .5 and 1.5 — which is recommended to be considered (Linacre, 2014). These
values for fit statistics indicate that the model fits the data, and that the validity of the data is
attained.

According to Table 5, the point biserial correlation values are available on the right of the columns
of the infit and outfit statistics. These correlations are the counterpart for Pearson’s correlations
(Linacre, 2014), and are considered as evidence for item discrimination (item validity). Point biserial
coefficients are presented separately for each item and are also reported as an average coefficient for
the overall scale in Rasch analysis outputs. However, the point biserial coefficients are not presented
separately for each item in Table 5. They are shown as average values corresponding to the division
of total correlation coefficients to the number of items in the scale. According to these average
values, it was found that correlation coefficients for the five and seven-pointed rating in FNES were
close. Almost no differences were found between point biserial correlation coefficients calculated for
three and seven-pointed rating in OHQ-S. It was also found that the point biserial correlation
coefficients calculated for five-pointed rating was higher than those calculated for three and seven-
pointed rating. On considering the biserial correlation coefficients calculated in FNES and OHQ-S
altogether, it is found that five-pointed rating yields higher correlation coefficients than three-pointed
and seven-pointed rating. Therefore, it can be said that item discrimination rises when five-pointed
rating is used instead of three or seven-pointed rating in Likert type scales.

On checking the reliability shown in Table 5, it is found that coefficients calculated for the three,
five and seven-pointed types of rating in FNES and OHQ-S are almost the same. In other words, the
number of response categories has no significant effects on item reliability. However, the separation
ratio for the facet of item and the chi-square values differ according to the number of response
categories. The highest values for the separation ratio and for the chi-square test in both FNES and
PHQ-S were obtained in five-pointed rating. On comparing the separation ratio and chi-square test
results for three-pointed and seven-pointed rating, it was found that the values for three-pointed
rating were higher in FNES and that the values for seven-pointed rating were higher in OHQ-S.
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Accordingly, although it looks impossible to make a clear inference as to in which type (three-
pointed or seven-pointed) of rating items are discriminated better, it can be said that the items with
differing levels of difficulty (items in which there are differences between the probabilities of
participants’ agreement and disagreement) are discriminated better in five-pointed rating.

DISCUSSION AND CONCLUSIONS

This study investigated reverse scored items and the number of response categories problem in
Likert type scales. It was found accordingly that three, five and seven-pointed rating types all
worked actively in straightforward items. Yet, it was also found that scale categories could not be
distinguished by participants in reverse scored items no matter what number of categories was used.
Not fulfilling the assumption of the scale categories for reverse scored items were symmetrical and
equi-distant under the real conditions could be a cause for this problem (Locker, Jokovic & Allison,
2013). This finding of the research is supported by DeVellis’ (2003) explanation that including
reverse scored items in Likert type scales can present certain disadvantages. In the book entitled
Scale Development: Theory and Applications, DeVellis (2003) states that participants can have
confusion about what the responses strongly agree or strongly disagree mean while answering the
reverse scored items in Likert Type scales. Such confusion can lead to not being able to
distinguishing between scale categories in reverse scored items. Therefore, the findings of this
research are aligned with the explanations made by DeVellis (2003). The findings obtained by
Conrad et al (2004) are also similar to the ones obtained in this current study. In their study by
Conrad et al (2004) by using Mississippi Scale for Posttraumatic Stress Disorder, they found that
four out of six items violating model-data fit were reverse scored items and authors pointed out that
the category statistics for those four items were problematic.

The results obtained by Bergstrom and Lunz (1998), however, differ from the ones obtained in this
study. Bergstrom and Lunz (1998) administered the Job Satisfaction Scale of 36 items (19
straightforward and 17 reverse scored) to a study group containing 706 participants, and analysed the
category statistics for the straightforward and reverse scored items in the scale. They found in
consequence that the scale categories worked actively in both straightforward and reverse scored
items. The inconsonance between results in Bergstrom and Lunz (1998) and in this study can be
attributed to the different procedures followed in the two studies. The straightforward and reverse
scored items in the data collection tools were analysed together in this study, and syntax was
prepared on the basis of examples Linacre (2014) gave in the users’ manual for FACETS
programme. The numbers for the straightforward and reverse scored items in the scale, and a
command to reverse score the scale categories in the reverse items were added to the syntax. In
Bergstrom and Lunz (1998), on the other hand, straightforward and reverse scored items were
included in two different data sets, and the analyses were performed separately for the two sets. That
is to say, Bergstrom and Lunz (1998) did not analyse straightforward and reverse scored items as the
items measuring the same structure, but they analysed the items as if they belonged to two different
scales. This situation can be seen as the cause for the non-overlap between the results obtained in
Begrstrom and Lunz (1998) and in this study.

This study found that the observed and the expected test characteristic curves in straightforward
items overlapped to a large extent, but that there were significant deviations between the observed
and the expected test characteristic curves in reverse scored items. Accordingly, it could be said that
model-data fit was attained in straightforward items but that it was not attained in reverse scored
items. This research finding showing that straightforward items served to measuring the intended
latent structure but that reverse scored items failed to measure the same latent structure is supported
by the findings obtained by Schriesheim and Eisenbach (1995), Meloni and Gana (2001), Conrad et
al. (2004), Roszkowski and Soven (2010), Hooper et al. (2013), and Locker, Jokovic and Allison
(2013). Schriesheim and Eisenbach (1995) found that the variance stemming from the property to be
measured was higher in items containing positive statements than in items containing negative
statements. In the study by Meloni and Gana (2001), the validity and reliability of the Italian version
of Penn State Worry Questionnaire. In the study, high correlations were found between scores
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received from the overall scale and the straightforward items in the scale. On the other hand, the
study found that the correlations between reverse scored items and the scores received from the
overall scale were lower. Besides, it was also found in the above mentioned study that the
correlations between scale items and the sores received from the scale of self-actualization - which
was used for criterion validity in the study- were not significant in any of the reverse scored items.
Meloni and Gana (2001) stated based on this finding that reverse scored items reduced the validity of
a scale and that the psychometric properties of a scale would be improved by removing those items
from the scale. Conrad et al (2004) analysed the limitations of reverse scored items through the
Mississippi Scale for Posttraumatic Stress Disorder containing 35 items 25 of which were
straightforward and 10 of which were reverse scored items. Accordingly, the study found that
reverse scored items caused a reduction in model-data fit and that validity improved without loss of
reliability when those items were removed from the scale. Roszkowski and Soven (2010) reported
that reverse scored items had item total correlations lower than straightforward items, that those
items constituted a separate factor in themselves and that Cronbach Alpha internal consistency
coefficient rose on removing them. The same study also found that a distinctive increase occurred in
item total correlations and a one-factor structure was obtained when reverse scored items were
expressed as straightforward. Hooper et al (2013) found that reverse scored items caused reduction
in model-data fit, they made a measurement model complex, and that they caused inclusion of
variance irrelevant to the measured structure in measurement results. In a similar vein, Locker,
Jokovic and Allison (2013) concluded that even though they were written to measure the same
structure straightforward and reverse scored items were in differing factors, that items expressed in
straightforward way had mutual correlations higher than those expressed in reverse scored way, and
that there were significant differences between average scores received from straightforward items
and the average scores received from reverse scored items. All of the studies mentioned above agree
with the finding that including reverse scored items in Likert type scales would influence
measurement results in negative ways. Demonstrating in many studies analysing the factor structures
of Likert type scales composed of straightforward and reverse scored items (Benson & Hocevar
1985; Bolin & Dodder. 1990; Herche & Engelland 1996; Kelloway, Catano & Southwell 1992; Lai,
1994; Mclnerney, Mclnerney & Roche, 1994; Pilotte & Gable 1990; Rodebaugh et al., 2004;
Spector, van Katwyk, Brannick & Chen, 1997) that reverse scored items constitute a separate factor
in themselves also support the findings obtained in this research because —as Ibrahimoglu (2001)
states- gathering straightforward and reverse scored items under different factors in a scale could
mean that reverse scored items cause the inclusion of variables other than the property to be
measured in measurement results (cited in Weems, Onwuegbuzie & Lustig, 2003).

On examining the effects of the number of response categories used in a scale on item correlations, it
was found that item discrimination was higher in five-pointed rating than in three and seven-pointed
rating. This finding overlaps with the theoretical knowledge included in the article by Jacoby and
Matell (1986) entitled “Are scales with three-pointed rating good enough?” Jacoby and Matell
(1971) pointed out that a scale could not give detailed information if the number of response
categories in a scale is too small and that the discrimination would decrease due to this. In their
opinion, if the number of response categories is too big, on the other hand, reductions in item
discrimination can occur due to the fact that participants cannot distinguish between different points
of the scale. The fact that item discrimination calculated for five pointed rating in FNES and OHQ-S
was higher than those calculated for three and seven-pointed rating is compatible with explanations
made by Tezbasaran (1997). In the book entitled A Guide for Developing Likert Type Scales,
Tezbasaran (1997) pointed out that three, five or seven-pointed rating could be used in Likert type
scales, but that the most appropriate number of response categories was five.

Similar results were yielded in the three, five and seven-pointed forms of rating in FNES and OHQ-S
in this study in terms of model-data fit. That is to say, it was found that the number of response
categories had no significant effects on model-data fit. This finding is parallel to the one obtained by
Daher, Ahmad, Winn and Selamat (2015). Daher et al (2015) analysed the data collected with three,
four and six-pointed rating of Malay spiritual well-being scale according to the Rasch Model. In
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consequence, they found that the fit statistics calculated for all three rating types were similar and
that the number of response categories did not have significant effects on model-data fit. Model-data
fit is regarded as evidence for the validity of measurements in the Rasch analysis (Linacre, 2014).
Therefore, the finding that the number of response categories had no considerable effects on model-
data fit can be interpreted that valid measurements can be performed by using any of three, five and
seven-pointed rating in a scale of items reflecting the structure to be measured.

It was found through Rasch analysis that the reported reliability for the facet of person separation
ratio and Chi square rose on raising the number of response categories in the scale from three to five.
This finding indicates that individuals at different levels of the latent structure to be measured are
discriminated more effectively in five-pointed rating than in three-pointed rating. One of the basic
factors determining how well individuals are discriminated in consequence of a measurement is the
extent to which a scale is precise. As the number of response categories decreases, the sensitivity of
a scale falls (Erkus, 2012), and this fall in sensitivity can lead to a fall in reliability. Here,
discrimination of individuals more effectively in five-pointed rating than in three-pointed rating can
be explained with the fact that the sensitivity of measurements obtained from three-pointed rating is
higher than that obtained from three-pointed rating. The study conducted by Ray (1980), which
concludes that discrimination increases by raising the number of response categories from three to
five, is also supportive of our findings.

The decrease in reliability values for the facet of person instead of increase when the number of
response categories is raised from five to seven according to the findings reported in Rasch analysis
can stem from participants’ encountering problems in distinguishing between the categories in
seven-pointed rating because the increase in the number of response categories in the scale can only
increase sensitivity up to a certain point. And increasing the number of categories too much causes a
fall in the perception of discrimination between categories (Erkus, 2012), and as a result, this can
influence reliability for the facet of person. At this point, the question of whether the number of
response categories in seven-pointed rating is more than that human mind can distinguish between
comes into mind. Biiyiikoztiirk (2005) states that whether or not individuals can make discrimination
carefully enough while responding to a scale of seven-pointed rating is a matter of discussion. Miller
(1956), on the other hand, claims that human mind has the capacity to distinguish between seven
different categories (Cited in Preston & Colman, 2000). The fact that the category statistics obtained
in this study for seven-pointed rating met the assumptions necessary to say that the scale categories
worked properly overlaps with Miller’s (1956) claim. Accordingly, it can be said the number of
response categories in seven-pointed rating is within the limits that human mind can distinguish
between. In addition, since five-pointed rating is used more frequently than seven-pointed rating in
Likert type scales (Lozano, Garcia-Cueto & Muniz, 2008), individuals can be more familiar with
five-pointed rating and can discriminate between the differences in scale categories in five-pointed
rating more effectively than in seven-pointed rating. This situation is thought to be the cause for
higher reliability, separation ratio and Chi-square calculated for the facet of person in five-pointed
rating than in seven-pointed rating.

It was found in this study that the reliability coefficients calculated for the facet of item in three, five
and seven-pointed rating was almost equal. Reliability coefficients calculated for the facet of item in
the Rasch analysis correspond to Cronbach Alpha internal consistency coefficients calculated in the
CTT (Linacre, 2014). Therefore, it may be said that the studies demonstrating that the number of
response categories have no significant effects on Cronbach Alpha internal consistency coefficients
(Aiken, 1983; Leung, 2011; Matell & Jacoby, 1971; Preston & Colman, 2000; Qasem, Almoshigah
& Gupta, 2014; Wong, Peng, Shi & Mao, 2011) are all supportive of our findings obtained in this
study. In contrast to the above listed studies, there are also studies conflicting with those findings in
the literature. The studies conducted by Weng (2004), Lozano, Garcia-Cueto and Muiiiz (2008),
Maydeu-Olivares et al. (2009), Uyumaz (2013) and Tarka (2015) and reporting that Cronbach Alpha
internal consistency coefficients rise as the number of response categories in a scale increases differ
from this study in terms of their findings. According to Fabiola, Iwin, Jennifer and Zaira (2012), the
inconsistencies observed in the research findings concerning the effects of the number of response
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categories on validity and reliability can stem from the differences in the measurement models (CTT
or Item Response Theory) used. For this reason, it can be said that this study analysing the effects of
the number of response categories on the psychometric properties of measurements through Rasch
analysis is not adequate on its own to make clear inferences about the correlations between the
number of response categories and item reliability. It is predicted that clearer statements will be
made about how item reliability is affected by the number of response categories with an increase in
the number of studies to be made through methods based on item response theory.

This study found that the separation ratios and Chi square calculated for the facet of items in five-
pointed rating were higher than the values for three and seven-pointed rating. Based on this finding,
it can be said that the items with differing levels of difficulty (the likelihood of participants’
agreement or disagreement) can be discriminated better in five-pointed rating than in three or seven-
pointed rating. It is believed that this result is related with the sensitivity of the rating used the scale
and with how effectively scale categories are discriminated by participants- as in the separation ratio
and Chi square for the facet of person. As the measurement reports and category statistics for the
facet of person in FNES and OHQ-S indicate, five-pointed rating can yield more sensitive
measurements than three-pointed rating, and it is composed of response categories through which
participants are discriminated more easily than seven-pointed rating. This property might have made
five-pointed rating more effective in discriminating between items of differing difficulty than three
and five-pointed rating. Compared to three-pointed and seven-pointed rating, five-pointed rating has
higher separation ratio and chi square values for the facet of item- which is a finding compatible with
all finding except for item reliability obtained in this study. The fact that there were differences in
separation ratios and chi square in favour of five-pointed rating despite the absence of differences in
item reliability between three, five and seven-pointed rating could be attributed to the fact that
reliability, separation ratio and chi square were the measurements reported in different metrics.
While item reliability can take on values between 0 and 1, separation ratio can take on values
ranging between 1 and <, and Chi square can be ranged from 0 to « (Sudweeks, Reeveb &
Bradshawc, 2004). Therefore, it can be more difficult for some difficulties to be manifested in
reliability coefficients than in separation ratio and Chi square values.

To sum up the conclusions reached in this study, it was found that the scale categories in reverse
scored items could not be discriminated by responders no matter which type of rating (three, five or
seven-pointed) was used, and that reverse scored items did not measure the same latent structure as
straightforward items did. Considering these results showing that reverse scored items made
measurement models more complicated, preparing Likert type scales having only straightforward
items can be evaluated as an application which can improve the psychometric properties of
measurements. This study also found that the number of response categories did not have any effects
on model-data fit. On the other hand, category statistics, item discrimination, reliability coefficients
and Chi square calculated for the facets of person and items demonstrated that five-pointed rating
was more functional than three or seven-pointed rating. This result leads to the recommendation that
five-pointed rather than three or seven-pointed rating should be preferred. Yet, the restrictions of the
study limit the generalizability of the findings and they also require that the recommendation should
be interpreted in the framework of these restrictions. The restrictions of the study and the
recommendations to be made for further research in accordance with the restrictions are as in the
following.

LIMITATIONS AND RECOMMENDATIONS

The first restriction of this study has to do with the properties of the study group. The study was
conducted with a group composed of university students. The best number of response categories for
a scale can differ according to participants’ age and level of education (Adelson & McCoach, 2010;
Fabiola et al. 2012; Tekindal, 2009). Therefore, it may be recommended that such a study be
conducted with participants of different age groups and educational levels. Also replication of a
similar study on different samples from Turkey will lend the generalization of the research findings
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to Turkish culture. The second restriction of the study is the way the reverse scored items in the
scales used in this study are revealed. Reverse scored items can be formed by using words with
opposite meaning as well as using negative prefixes (or suffixes) (Sonderen, Sanderman and Coyne,
2013). According to the results Swain, Weathers and Niedrich (2008) obtained by analysing
approximately 2000 scale items, reverse scored items are stated by using negative prefixes or
suffixes by 81%. Therefore, this study preferred the scales having reverse scored items expressed by
using negative prefixes or suffixes. Because this situation restricted the generalizability of the
research findings, it could be recommended that a similar study be performed by using scales with
reverse scored items which are stated in words with opposite meanings. And finally, the data for this
study were collected through FNES and OHQ-S, and the number of reverse scored items in both
scales is about one third of straightforward items. Using equal number of straightforward and reverse
scored items or more reverse scored items in prospective studies might contribute to the
generalizability of the findings.
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UZUN OZET

Girig

Bu c¢aligmanin iki temel amaci bulunmaktadir: Bunlardan ilki; Likert tipi Ol¢eklerdeki olumsuz
maddelerin ne derece islevsel oldugunun tespit edilmesidir. Bu amag¢ dogrultusunda arastirmada; i)

olumlu ve olumsuz maddelerde 6lgek kategorilerinin ayni sekilde ¢alisip ¢alismadigr incelenmis, ii)
olumlu ve olumsuz maddelere ait test karakteristik egrileri karsilastirilarak bu maddelerin ayni ortiik
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yapiyl Olglip Olgmedikleri belirlenmeye c¢alisilmistir. Belirtilen islemler iig, bes ve yedili
derecelemeye sahip Likert tipi Olgekler i¢in ayri ayr1 gerceklestirilmistir. Boylelikle olumsuz
maddelerin isleyisinin Olgekteki kategori sayisindan etkilenip etkilenmedigi kontrol edilmistir.
Aragtirmanin ikinci temel amacimi Likert tipi dl¢eklerde kullanilan kategori sayisimin Slglimlerin
psikometrik 6zellikleri {izerindeki etkisinin ortaya konulmas1 olusturmaktadir. Bu dogrultuda; {ig, bes
ve yedili derecelendirmeye sahip Likert tipi dlgekler giivenirlik ile model-veri uyumu agisindan
kargilagtirilmigtir. Bu sayede kategori sayisinin giivenirlik {lizerindeki etkisi incelenirken yapi
gecerligi de goz ardi edilmemistir. Bunun arastirma sonuglarin1 anlamli kilma adina olduk¢a 6nemli
oldugu diisiiniilmektedir. Ciinkii Cronbach’in (1950) da belirttigi gibi yalnizca giivenirligi
arttirmanin tek bagina bir degeri bulunmamakta; giivenirligi arttiran bir kategori sayisinin uygun
oldugunun sdylenebilmesi i¢in gecerligin de dikkate alinmas1 gerekmektedir.

Yontem

Arastirma, toplamda 312 fniversite oOgrencisinden olusan iki ayr1 c¢aligma grubu iizerinde
yliriitiilmistiir. Birinci ¢calisma grubunda 197 ve ikinci ¢alisma grubunda 115 katilimc1 yer almustir.
Calismada veri toplama araci olarak Olumsuz Degerlendirilme Korkusu Olgegi (ODKO) ile Oxford
Mutluluk Olgegi-Kisa Formu (OMO-K) kullanilmistir. Leary (1983) tarafindan gelistirilip; Cetin,
Dogan ve Sapmaz (2010) tarafindan Tiirkceye uyarlanan ODKO sekizi olumlu (olumsuz
degerlendirilme korkusunu destekleyen) ve {i¢ii olumsuz (olumsuz degerlendirilme korkusunu
desteklemeyen) toplam 11 madde icermektedir. OMO-K ise Hills ve Argyle (2002) tarafindan
gelistirilmig, Dogan ve Akincit Cotok (2011) tarafindan Tirkce’ye uyarlanmistir. Bu dlgekte besi
olumlu ve ikisi olumsuz toplam yedi madde bulunmaktadir. Birinci ¢alisma grubundaki katilimcilara
ODKO, ikinci calisma grubundaki katilmcilara OMO-K ii¢, bes ve yedili dereceleme ile
uygulanmigtir. Her {i¢ derecelemede de kategorilerin yalnizca ug¢ noktalart isimlendirilmis (Hig
Katilmiyorum - Tamamen Katiltyyorum), ug noktalar arasinda kalan segenekler igin bir adlandirma
kullanilmamistir. Bu tiir bir yaklasimin benimsenmesinde, yedili derecelemede, ii¢lii ve besli
derecelemedeki kadar net bir isimlendirme yapilamayacagi diisiincesi etkili olmustur. Soyle ki,
Likert tipi 6l¢eklerde 6lgek noktalarinin ne kadar net bir bicimde adlandirildigina bagl olarak 6lgme
sonuclarinda farkliliklar gozlenebilmektedir. Bu bakimdan iiclii, besli ve yedili derecelemede tim
kategoriler i¢in isimlendirme kullanilmasi halinde arastirma sonucunda ulasilan bulgularin gergekten
kategori sayisindaki farkliliktan mi; yoksa kategorilere iligkin adlandirmalarin ayni kesinlikte
olmayisindan mi kaynaklandigin1 belirlemek miimkiin olmayacaktir. Bu noktadan hareketle
caligmada; her {i¢ 6lgek formunda da (hem tiig¢, hem bes hem de yedili derecelemede) kategorilerin
sadece u¢ noktalar1 isimlendirilmistir. Aragtirma kapsaminda toplanan veriler FACETS paket
programindan yararlanilarak Rasch modeline gore analiz edilmistir.

Sonuc ve Tartisma

Rasch analizinden elde edilen bulgular, ODKO ile OMO-K’deki diiz puanlanan maddelerde
gbzlenen ve beklenen test karakteristik egrilerinin biiyiik dlgiide ortiistiiglinli, her {i¢ dereceleme
tiriiniin de etkin bir bigimde calistigim1 ve Olgek kategorileri arasindaki farklarin katilimeilar
tarafindan basarili bir bicimde ayirt edildigini ortaya koymustur. Diger taraftan ters puanlanan
maddelerde gozlenen ile beklenen test karakteristik egrileri arasinda 6énemli farkliliklar oldugu ve
olcek kategorilerinin etkin bir bicimde calismadig1 saptanmustir. Uc, bes ve yedili derecelendirmeden
hangisi kullanilirsa kullanilsin katilimeilarin ters puanlanan maddelerde 6lgek kategorilerini
birbirinden ayirt edemedigi belirlenmistir. Olumsuz maddelerin 6lgme modelini karmasiklagtirdigi
gosteren bu sonuclar dikkate alindiginda Likert tipi 6lgeklerin sadece olumlu maddeleri icerecek
sekilde hazirlanmasi, olglimlerin psikometrik 6zelliklerinin iyilesmesine katki saglayacak bir
uygulama olarak degerlendirilebilir. Arastirmada ayrica, kategori sayisinin model-veri uyumu
iizerinde 6nemli bir etkisinin olmadig1 tespit edilmistir. Madde ayirt ediciligi, birey yiizeyine iliskin
giivenirlik katsayisi ile birey ve madde yiizeyleri i¢in hesaplanan ayirma orami ve Ki Kare
degerlerinin ise besli derecelemede iiglii ve yedili derecelemeye kiyasla daha yiiksek oldugu

ISSN: 1309 - 6575 Egitimde ve Psikolojide Olcme ve Degerlendirme Dergisi
Journal of Measurement and Evaluation in Education and Psychology 342



lhan, M., Giiler, N. / The Number of Response Categories and the Reverse Scored Item Problem in Likert-Type
Scales: A Study with the Rasch Model

sonucuna ulagilmistir. Bu sonug, Likert tipi Olgeklerde iiglii veya yedili derecelemedense besli
derecelemenin tercih edilmesi seklinde bir Oneriyi beraberinde getirmektedir. Ancak, aragtirmanin
siirliliklart ¢alismadan elde edilen bulgularin genellenebilirligini kisitladig gibi getirilen dnerilerin
de bu smurliliklar ¢ercevesinde yorumlanmasim gerekli kilmaktadir. Calismaya iliskin siirliliklar ve
bu sinirhiliklar dogrultusunda getirilebilecek ileri arastirma onerileri su sekilde siralanabilir.

Arastirmanin sinirliliklarindan ilki, ¢alisma grubunun 6zellikleri ile ilgilidir. Arastirma iiniversite
ogrencilerinden olusan bir calisma grubu iizerinde yiiriitiilmiistiir. Olgek icin en uygun kategori
sayist, katilimcilarin yasi ve egitim diizeyine gore farklilik gosterebilmektedir. Dolayisiyla, bu tiir bir
calismanin farkli yas gruplarindan ve egitim seviyelerinden katilimcilarla yapilmasi Onerilebilir.
Ayrica, benzer bir ¢aligmanm Tiirkiye’den farkli Orneklemler iizerinde tekrarlanmasi arastirma
bulgularinin Tiirk kiiltiiriine genellenebilirligini arttirmas1 bakimindan 6nem tagimaktadir. Caligmada
kullanilan o6lceklerdeki olumsuz maddelerin ifade edilis sekilleri, arastirmaya iliskin ikinci bir
stirliliktir. Olumsuz maddeler, olumsuzluk ekleri (-me, -ma ve degil gibi) kullanilarak yazilabildigi
gibi zit anlamli kelimeler kullanilarak da olusturulabilmektedir. Bu ¢alismada olumsuzluk ekleriyle
ifade edilmis olumsuz maddelerin yer aldig1 6lgekler kullanilmistir. Bu durum, olumsuz maddelerle
ilgili arastirmada ulasilan bulgularin genellenebilirligini kisitladigindan benzer bir ¢aligmanin zit
anlamli  kelimelerle olusturulan olumsuz maddelerin yer aldigi Olgekler kullanilarak
gerceklestirilmesi onerilebilir. Son olarak bu arastirmanin verileri ODKO ve OMO ile toplanmus
olup bu odlgeklerin her ikisinde de olumsuz madde sayisi olumlu madde sayisinin yaklasik iigte biri
kadardir. Konu ile ilgili yapilacak ileri aragtirmalarda olumlu ve olumsuz madde sayisinin esit ya da
olumsuz maddelerin sayica olumlu maddelerden fazla oldugu 6lgeklerin kullanilmasi, ¢alismadan
ulasilan bulgularin genellenebilirligine katki saglayabilir.
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